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This bulletin outlines the scope applicability of the RECOMP Computer 
Systems Theory of Operation manual. The manual is written to apply 
to systems wired for floating point capability during manufacture; 
however, most of the information applies to all RECOMP III systems and 
certain portions apply also the RECC)MP II systenns. Manual organization 
is such that future expansion of the docunnent can be readily achieved 
both in regard to the RECOMP II system and optional equipment. 

The RECOMP Computer Systems Theory of Operation manual is intended 
principally for training. A second, but equally important purpose is as 
a major reference document in the field when special, detailed infor- 
mation on operation is required for solution of complex inaintenance 
problems. This is in contrast to the RECOMP III Service manual which 
contains only that information custonnarily required in maintaining the 
equipment. 

Information in the manual at present mainly comprises physical and 
functional descriptions of the equipnnent. The logic description will be 
distributed later. Material in the manual is divided into the following 
categories: introduction to the system; number systems, codes, and 
formats; general description of the system and its elements, including 
a listing of physical and operating specifications; basic procedures and 
precautions necessary during operation; principles and sequences 
utilized in performing the various system operations; and descriptions 
on operation of circuits and mechanical assemblies. 

The portions in sections 1, 2, 3, 4, and 6 applying to both RECOMP II 
and RECOMP III systenns are those concerning number systems con- 
version, fixed point numeric fornnat, command format, memory design 
and operation, power supply, signal and control circuits (except logic 
driver), pre-operating preparations, operating precautions, loop and 
main memory selection, and channel and sector selection. 

All of the information in section 5 is pertinent to RECOMP II but that 
pertaining to the names and functions of the modes and phases, indexing, 
floating point arithmetic, and serial-parallel progression which are 
applicable to RECOMP III only. 

Thorough familiarity with the scope and organization of this manual prior 
to actual use will prove beneficial at the time of use. This familiarity 
can readily be achieved by studying the table of contents, lists of 
illustrations and tables, and the introductory paragraphs of each section 
which briefly outline the content of the sections. 
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PREFACE 



ComDrising seven sections, this manual presents the physical and functional 
descriptions, operating instructions; and logic description on the RECOMP III 
computer system. The Service manual for the RECOMP III computer system 
covers checkout and troubleshooting; disassembly-assembly; maintenance; 
test routines; schematics and parts diagrams; and checkout logic and wiring. 
Programming of a RECOMP III computer system is explained in programming 
documents. 

Section 1 of this manual. Introduction, contains a general introduction to 
the RECOMP III computer system and its various optional input-output capa- 
bilities. Section 2, Number Systems, Codes, and Formats, describes the 
number systems, codes, and formats utilized by the computer system. 
Section 3, General Description and Specifications, contains a general des- 
cription of the RECOMP III computer system and its elements, followed by a 
listing of physical and operating specifications. Section 4, Operating Pro- 
cedures, presents basic procedures for operation of the RECOMP III computer 
system in normal usage, including precautions necessary during operation. 
Section 5, Principles of Operation, outlines the methods and sequences 
utilized by RECOMP III in performing its various operations. Section 6, 
Functional Description, contains the detailed discussions on how the various 
parts of the RECOMP III computer system function. Section 7, Logic Des- 
cription, describes the logic associated with operation of the computer system. 

Within each section, information is presented as much as possible in 
a sequence which will facilitate understanding the equipment. Referencing 
from one section to another and to the Service manual is utilized extensively 
to aid in locating information pertinent to interrelated elements. 



XI 




R3-21 



RECOMP III COMPUTER SYSTEM 



Section 1 
INTRODUCrrON 



GENERAL 



RECOMP III is a solid state, general purpose, digital computer system 
designed especially for scientific computation, industrial calculations, and 
data reduction. Standard configuration is a fixed- point- arithmetic computer 
unit, a control console, a Flexowriter input-output unit, and a tape rewind 
unit, all located within or on top of a desk. Optionally, the system may in- 
corporate floating point arithmetic capability and other types of input-output 
equipment. RECOMP III can be adapted to handle as many as three additional 
optional input-output devices such as high-speed paper tape punch-reader 
units, card punch-reader units, and plotters. Figure 1-1 illustrates the main 
elements of the computer system; equipment enclosed in dash lines represents 
optional devices and capabilities. 

The Flexowriter of the RECOMP III system comprises a keyboard, 
printer, paper tape reader, and paper tape punch. Function of the keyboard 
is manual entry of commands and data into the computer, that of the printer 
is recording of data on paper under computer control. The tape reader enters 
commands and data from punched paper tape into the computer; the tape punch 
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Figure 1-1. RECOMP III Computer System Block Diagram 
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records information from the computer on paper tape. Auxiliary functions 
of the Flexowriter when it is not operated with the computer are (1) pre- 
paration of punched paper tapes for subsequent input of commands and data 
into the computer, (2) reproduction of punched tapes, and (3) printing of 
contents of punched tapes. The tape rewind unit is used for feeding tape 
to the paper tape reader and for rewinding read or punched tapes. 

The computer unit contains the elements for storage of data and 
commands, control of internal operations, computation and processing 
of data, and regulation and distribution of power. Facilities for external 
control of the system are provided by switches and indicators on the control 
console. 

Principal features of the RECOMP III computer system are its ease of 
programming and simplicity of operation. Other features are (1) its large 
word size and memory capacity in relation to its cost, (2) its ability to 
operate with as many as four inputs and four outputs, (3) its ability to tead 
and punch paper tape in any code of five through eight channels, (4) its 
portability and accessibility for servicing, and (5) its use of printed cir- 
cuitry to keep maintenance at a minimum. RECOMP III operates from any 
standard 115 -volt a-c outlet. 

Two units of special test equipment are available for testing computer 
unit circuits. These are a system tester and a component tester. The 
system tester is used to test computer flip-flops and logic gates and can 
also be utilized for checking operation under mai;ginal conditions. When 
testing the computer with the system tester, the computer is fully energized 
as for normal operation. The component tester is used to individually test 
computer etched-circuit plug-in boards. 
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Section 2 
NUMBER SYSTEMS. CODES. AND FORMATS 



GENERAL 



The number systems, character codes, and information formats utilized 
by the computer system are described in general in this section. Detailed 
information on the individual number systems, codes, and formiats as they 
are used and acted upon during specific operations is presented in other 
sections of this manual to facilitate understanding of the associated subjects. 

Number system used in the RECOMP III computer system is binary. 
Character coding can be in any ones-and-zeros code of five-to-eight 
channels. Keyboard entry and printer output, however, use a predetermined, 
fixed 6-channel ones-and-zeros code called alphanumeric. Internal 
memory storage formats recognized by RECOMP III circuitry are fixed 
point binary and floating point binary. 



NUMBER SYSTEMS 

The computer uses only the binary number system of zeros and ones 
in its internal operations. However, through programming, information 
may be entered into and recorded by its input-output equipment in the 
decimal, octal, or combined octal-binary number systems. The information 
may also be programmed for entry and output in the non-number system 
called alphanumeric, but usually computations are not performed on this 
information. 

Conversion between the binary number system used internally and the 
decimal, octal, or combined octal-binary niunber systems used with input- 
output is accomplished by the computer with an internally stored program. 
Alphanumeric information is not converted because it is represented inter- 
nally in binary by a ones-and-zeros configuration identical to that of the code 
used. However, regardless of the manner in which information is represented 
externally, the information is always transferred between the input-output 
equipment and the computer in a ones-and-zeros representation. 

The decimal number system, consisting of the 10 digits, through 9, 
is used in keyboard entry and printer output of numerical data because it 
is most readily understood by the operator. Octal, comprising the eight 
digits, through 7, is used in entry and output of commands and memory 
locations because it is easier to write a command or location in the bctal 
than in the binary system. Binary, consisting of the two digits and 1, is 
used by the computer in its internal operations because it is simple and 
economical to mechanize. 

CpHversien of Octal or Binary to Decimal 

Manual methods of conversion between number systems vary, depending 
on the systems being converted and whether the numbers are integers or 
fractions. 
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To convert octal or binary to decimal, each digit, starting from the 
most significant, is first separately converted to its decimal equivalent. 
The converted digits are then added to produce the final decimal number. 

Example: Convert octal 257.025 to decimal 

2 X 8^ + 5 X 8^ + 7 X 8° +0 X 8"^ + 2 X 8"^ -f 5 X 8" = 

128 + 40+ 7 4- 4- 0.03125 + 0.009765625 = 175.041015625 



Example: Convert binary 101. 1010 to decimal 
1 X 2^ + X 2^ + 1 X 2° + 1 X 2"''' + X 
4 + + 1+0. 5 + 0+0. 125 +0 = 5. 625 



1 X 2^ + X 2^ + 1 X 2° + 1 X 2"-^ + X 2"^ + 1 X 2"-^ + X 2""* 



Conversion of Decimal Integers to Octal or Binary 

To convert decimal integers to octal or binary, divide the number by 8 
for octal or 2 for binary, and note the remainder to one side. Divide the 
new quotient by 8 for octal, or 2 for binary and again note the remainder to 
one side. Continue the preceding steps until a zero quotient is obtained. Then 
•write the remainders in reverse order of occurrence. 



Example: Convert d 
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Conversion of Decimal Fractions to Octal or Binary 

To convert decimal fractions to octal or binary, multiply the decimal 
fraction successively by 8 for octal or by 2 for binary and then place the 
decimal point in the product at the same position as in the multiplicand. 
The first digit to the left of the decimal point is the most significant digit 
of the octal or binary fraction. Multiply all digits of the product, except 
the integer part, by 8 for octal or 2 for binary. In the succeeding product, 
the digit to the left of the decimal point is the next most significant octal 
or binary digit. Repeat the preceding steps on the product fraction until the 
desired accuracy is obtained. 

Example: Convert decimal fraction 0.312 to octal 

0.312 0.312 decimal = 0.23751 octal 

x8 

x8 

x8 

V.744 

x8 

5.952 

x8 

7.616 

Example: Convert decimal fraction 0.312 to binary 

0.312 0.312 decimal = 0,010011 binary 

x2 
0.624 

x2 

x2 
0.496 

x2 
0.992 

x2 
1.984 

x2 
T7WS 



Conversion of Octal to Binory 

To convert octal numbers to binary numbers, replace each octal digit 
by a group of three binary digits. 

Example: Convert octal 7654.63 to binary 

7 6 5 4.63 = 

111 110 101 100 . 110 Oil = 
111110101100.110011 binary 
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Conversion of Binary to Octal 

To convert binary numbers to octal numbers, place the binary digits in 
groups of three starting fronn the binary point; then replace each binary group 
with its octal equivalent. 

Example: Convert binary 1 1100 1110 1100 111 . 11 110 100 1 to octal 
1 110 Oil 101 100 111 , HI 101 001 = 
16 3 5 47.751 = 

163547.751 octal 

A table in the RECOMP III Service Manual provides a quick means for 
obtaining the decimal value of binary digits for the powers through 39 and 
octal digits for the powers through 13, which in both instances is the word 
capacity of the RECOMP III computer. 



CODES 

The RECOMP III computer and the Flexowriter paper tape reader and punch 
can operate with any 5- to 8-channel code. However, the Flexowriter key- 
board and printer function only with an established 6-channel code. This code 
(figure 2-1) uses 52 different lainary combinations to represent all letters of 
the alphabet, numbers, special character, and functions. All functions, 
(except upper case, lower case, and backspace), special characters, 
and numbers have a punchout in the No. 6 channel. 

Because only a 6-channel code is used by the keyboard and printer while 
the computer always handles input and output in an 8-channel code, two of the 
eight channel positions are always represented in the computer as zeros. 



INTERNAL INFORMATION FORMATS 

A computer word consists of 41 bits (binary digits) which may represent 
(1) a fixed point numerical quantity to be operated upon, (2) computer 
commands that specify the operations to be performed, (3) alphanumeric 
information that usually is only stored for subsequent use in identification 
or explanation of computation results, or (4) a floating point numerical 
quantity to be operated upon. In all formats, the right-most bit, called 
the sync bit, is used for com^puter synchronization and is not available 
in programming. 

The representation of bit times for the computer is opposite to the bit 
position designation used by programn^ing (figure 2-2). It is essential to 
remember this difference when reading any programming publication. 

Fixed Point Numeric Format 

In the fixed point numeric format, (figure 2-3), the sign of the quantity 
(1 for plus and for minus) occupies the leftmost bit position, and the abso- 
lute value of quantity occupies the remaining 39 of the 40 information (pro- 
grammable) bit positions. The most significant bit is in bit position 40 and 
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Figure 2-1. Keyboard-Printer Code Configuration 



COMPUTER REPRESENTATION 
I 41 I 40 139 I 38 I 37 136 I 35 I 34 133 132 I 31 130 I 29 I 28 I 27 I 26 125 124 I 23 I 22 I 21 I 20 I 19 118 117 I 16 I 15 I 14 I 13 I 12 I 1 1 I 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 1 1 



PROGRAMMER DESIGNATION 



'iJUijr ijOi . 



Figure 2-2, Comparison of Computer Representation and 

Programmer's Designation 
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the least significant is in bit position 2. Normally the binary point (analogous 
to decimal point) is thought of as being between the sign and the most sign- 
ificant bit, that is, a numerical quantity is considered as less than one (a 
fraction) in absolute value. Each number word occupies a definite location 
in the memory. To control processing of a number, its location must be 
specified in the given command. The specific location is referred to, first 
by channel, then by sector. 



Alphanumeric Format 

Each character in alphanumeric format (figure Z-3) is represented in 
the computer by eight bit positions. Thus a 40 -bit word can contain up to 
five alphanumeric characters. 

NOTE 

THE TERM ALPHANUMERIC IS USED IN THIS 
MANUAL ONLY TO SIGNIFY INPUT OR OUTPUT 
WITH THE KEYBOARD OR PRINTER, RESPECT- 
IVELY, IN THE ESTABLISHED 6-CHANNEL CODE. 

An alphanumeric character is entered into and output from the computer 
memory unaltered from its binary representation at the input-output device. 



Command Format 

All commands (figure 2-3) are single address and stored two to a word. 
A sign bit, an operation code usually consisting of two octal digits (six bits), 
and an address containing four octal digits and one binary digit (13 bits) make 
up a command. 

The sign of a command is indicated by a 1 for positive or a for negative. 
The sign has no significance in a left command. In a right command a spec- 
ifies indexing and a 1 specifies no indexing. 

The operation code determines the input-output, arithmetic, or logic 
operation to be performed. Although most operation codes contain two octal 
digits, a few also utilize the highest, next to highest, or lOwest bit or tne ad- 
dress (bit positions 34 or 14, 33 or 13, 22 or 2, respectively). A command 
.,c,4«^ ^r,o nf tv>f^op adrlrpRR Viifs afi Dart of the operation code must contain a 
one in the required position to order the operation desired. 

Meaning of the address portion varies, depending on the nature of the com- 
mand. Usually the address portion is the memory location of an operand, with 
the four octal address digits referring to the memory channel and sector of 
the operaiid. The first two octal digits (six bits) specify the channel and the 
second two octal digits (six bits) indicate the sector. Depending on whether 
it is a zero or one, the additional (13th) bit specifies the first or second 
command in a word (except when it is part of the operation code). However, 



2-6 



NUMERICAL QUANTITY 



41 


40 39 


38 37 36 


35 


34 33 


32 


31 30 


29|28 27 26 25 24 23 22 21 20 19 18 


17 


16 


15 


14 


13 


12 


11 


10 


9 8 7 6 5 4 3 2 


1 


3 


































S 
* 














(39 bits) 





















ALPHANUMERIC 



iBt Char, Entered 
Kbits 



41 140 39 38 37 36 |35 |34 



2nd Char. Entered 
8 bits 



33 32 31 30 29 28|27 26 



3rd Char. Entered 
8 bits 



25 24 23 22 21 20 19 



4th Char. Entered 
8 bits 



17 16 15 14 13 12 1 1 1 10 



5th Char. 

Entered 

8 bits 

9 |e|7 l6 |5|4|3 U 



-Alphanumeric Word Format ■ 



COMMAND PAIR 



40 39 38 37 36 35 



_Operation Cod^_ 
(2 octal digits) 



34 33 32 31 30 29 



_Channel Address_ 
(2 octal digits) 



28 27 26 25 24 23 



• First Command - 



^Sector Address _ 
(2 octal digits) 



E 



20 19 18 17 16 15 



_Operation Code_ 
(2 octal digits) 



14 13 12 1 1 10 9 



Address 
(2 octal digits) 



7 6 5 4 3 



^ ^Sector Add_^ 
'■ ' (2 octal 
digits) 



Second Comnnand- 



FLOATINO POINT FORMAT 



40 1 39 I 381 37 136 I 35 I 34 1 33 



Binary Point Plus 
128 



32 I 31 I 30|29|28 I 27| 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 | 17 I 16 I 15 I 14 I 13 I 12 I 11 I 10 I 9 |8 |7 I 6 |5 I 4 I 3 I 2 



Figure 2-3. RECOMP III "Word Formats, 
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as a first or second command indicator, this bit is significant only in 
transfer of control, store address, and load and store index commands. 
Other functions of the address portion are (1) specifying the number of 
binary shifts to be made or (Z) indicating the number of characters to be 
input or output. In many commands the address portion has no significance. 
The commands available in RECOMP III are presented in section 3 of this 
manual. 



Floating Point Numeric Format 

In a floating point numeric word, (figure Z-3), the binary point is, in 
effect, carried along with the number during computations. The programmer 
need not be concerned with scaling and overflow because the arithmetic 
operations automatically scale the numbers correctly. 

A floating point word contains only 31 data bit positions, the remaining 
8 bit positions being utilized for the exponent. Thus, where the number (un- 
less it is a zero) is normalized (bit 32 is a 1 -digit), the binary point is 
counted from bit 32 instead of from bit 4 0. The binary point plus 128 is 
used instead of a signed binary point (this is known as "excess 128"), Thus, 
-1.0 would appear in a word as follows: 

-10000001 1, 000000000000000000000000000000 

Maximum numeric capacity of a floating point word would thus be 31 one's 

1 27 38 

(approximately 1) times 2 or about 10 

- 1 28 -38 

The smallest number would thus be 1/2 times 2 or about 10 

Floating point numbers are also commonly thought of as fractions times a 

power of 2 (the exponent). 
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Section 3 
GENERAL DESCRIPTION AND SPECIFICATIONS 



GENERAL 



This section contains a general description of characteristics, a brief 
description of functions, and detailed specifications of the computer system 
and its various elements. The specifications, divided into physical and 
operating categories, are presented following the general description and 
discussion of functions. 



DESCRIPTION AND FUNCTIONS 

The standard RECOMP III computer system comprising a computer unit, 
control console, input-output unit, and tape rewind unit is all housed within 
or on top of the desk. Elements within the computer unit include a magnetic 
disk memory, power supply, circuit boards, and cooling blowers. The basic 
computer has facilities for incorporating additional input-output equipment 
and floating point arithmetic capability. This is accomplished by adding 
accessory circuit boards as described later in this section. Installation of 
these accessory circuits does not change the general operating concept from 
that of a standard RECOMP III system. 

Five power and signal cables interconnect the elements of a standard 
RECOMP III computer system. One power cord to a standard 115-volt outlet 
supplies all source power to an entire standard system. 

General descriptions and discussions of the functions of each element 
of the com^puter system are contained in following paragraphs. Detailed 
functional descriptions of each computer system element are found in section 
6 of this manual. 



Memory 

The magnetic memory disk provides (1) main information storage, (2) most 
of the storage space for the rapid access loops and arithmetic registers, and 
(3) the storage for basic timing signals and the permanent memory load (boot- 
strap) and diagnostic routines. Information is stored in channels (tracks) on 
the disk in the form of flux patterns representing binary digits. Nominal disk 
rotation rate is 3450 rpm. The disk is driven by a rotor which is ball-bearing 
mounted on a non-rotated shaft, (figure 6-Z7), Diaphragms attach the disk to 
the rotor and the non- rotating shaft to the he ad plate and memory frame. These 
diaphragms provide stiff coupling between the memory components, but are 
flexible enough to ensure parallel rotation between disk and headplate. When 
operating, proper separation between disk and leadplate (approximately 50 
microinches) is maintained by an air thrust bearing. The 50-microinch sep- 
aration ensures satisfactory information recording and reproduction with the 
levels of voltages used. 
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Main Memory Storage 

Main memory storage comprises 64 channels of 64 word sectors (locations) 
each for a total main storage capacity of 4096 words. Each word consists of 
41 bits (39 data, 1 sign, and 1 synchronization). The synchronization bit is not 
used for programming. A word can represent a number, a pair of commands, 
or five alphanumeric characters. 

All word sectors in main storage are directly addressable except the last 
16 sectors in the 64th channel. The addresses for these 16 sectors, connmonly 
called the "gray" area, are reserved for designating word locations in the 
rapid-access loops. Information can be stored in the 16 non-addressable main 
memory locations, however, through use of special programming techniques. 

Locations of words in main miemory are addressed by four octal digits 
from 0000 through 7757. The first two digits identify the memory channel in 
which a specific word is located; the last two denote the sector or word location 
within the channel. 

In addition to the 64 main storage channels, the disk also contains one 
additional channel capable of utilization for permanent storage. This channel, 
which is inaccessible by normal programming-operating procedures, is called 
the origin- sector channel and contains permanent bootstrap memory load and 
diagnostic routines. These built-in routines facilitate program loading and 
easy, fast computer checkout. 

Average access time to stored information in main memory is approxi- 
mately 8.50 milliseconds; minimum access time being 0.81 milliseconds, and 
maximum, 17.82 milliseconds. Main memory storage is the nonvolatile type, 
that is, the information is not subject to self-erasure and is not destroyed by 
power interruption. 

Rapid Access Loops 

Two recirculating loops, L and V, of eight words each provide rapid access 
to stored information when addressed. Both loops are contained in one memory 
channel, along with the registers. Loop addresses are specified by octal 
digits 7760 through 7767 for the L-loop and 7770 thrbugh 7777 for the V-loop. 
The least significant digit specifies which of the eight word sectors in a loop 
is addressed. Access to loop information averages 0.95 milliseconds, with 
a minimum of 0.81 milliseconds and maximum of 2,70 milliseconds. Infor- 
mation contained in the loops is volatile in that it is subject to erasure in the 
event of pow^er interruption. 

Registers 

Five recirculating registers, each containing storage space for one word, 
are located in the same memory channel as the loops. Part of each register 
is on the memory disk and part is in flip-flops, which form recirculating cir- 
cuitry. Characteristics of the registers are given in the following paragraphs. 

Accumulator Register 

The accumulator (A) register consists of six flip-flops and 35 bit positions 
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on the disk. This register is the principal operand register of the computer, 
holding and acting upon the operand during most command executions. Prior 
to execution of an arithmetic command, the A-register holds the number 
against which a number from memory is applied; following execution of an 
arithmetic command, it holds the result of an arithmetic operation. 

Following some instructions (for example, addition or subtraction) the con- 
tents of the A-register may overflow from position 1, that is, the result of 
the operation may be too large to be contained in the register. Information 
which overflows is lost. To notify the operator when an overflow occurs, an 
overflow trigger is activated and the OVERFLOW indicator on the control con- 
sole lights. When the trigger is on, the instruction TOV (transfer on overflow) 
must be executed to extinguish the indicator. To find and correct an overflow 
condition may require operation of the computer through one command at a 
time. 



Number Register 

The number (B) register consists of three flip-flops and 38 bit positions 
on the disk. Every number or command transferred out of or entered into 
memory is routed through the B-register. During execution of arithmetic 
comimands, the B-register holds the number from memory that is applied 
against the number in the A-register. The B-register is not available to the 
progrannmer . 

Remainder Register 

The remainder (R) register consists of four flip-flops and 37 bit positions 
on the disk. This register has two principal uses: 

1. After the execution of a fixed-point multiplication instruction, the 
R-register temporarily contains the least significant half of the 
product and in this respect is considered an extension of the A- 
register . 

2. During execution of a fixed-point division instruction, the least 
significant half of the dividend appears in the R-register; after 
division, the remainder appears temporarily in this register. 

Command Register 

The command (Z) register consists of two flip-flops and 39 bit positions 
on the disk. This register holds the pair of commands to be executed, and is 
not available to the programmer. 

Location Counter and Index Register 

The location counter and index (G) register is a storage register consist- 
ing of two flip-flops and 39 bit positions on the disk. In addition to being a lo- 
cation counter and index register, part of the G-register also is a character 
counter during input-output and shifting operations. The location counter por- 
tion is in the left half of the register (bit positions 22 through 34), the index 
portion in the right half (bit positions 2 through 14). Input-output character 
counting portions of the register occupy bit positions 35 through 40 in the left 
half of the register and bit positions 15 through 20 in the right half. 
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For most command executions, the address in the location counter is in- 
creased to indicate the next half-word location each time a command is exe- 
cuted. The exception occurs on a transfer of control comnrtand when the loca- 
tion counter is set to the address of the command being executed. Thus com- 
mands are automatically executed in address sequence, unless the sequence 
is interrupted by transfer of control comnnands. 

The index register portion automatically modifies the address of a right 
command if indexing had been ordered. A 0-bit must be placed in the sign 
position of the right command to obtain indexing. Character counter portions 
of the register count the characters input or output until the desired number 
is input or output, or tally the number of binary positions a number is shifted. 

Timing Channels 

Basic timing sources for computer control are provided by clock and sector 
track signals permanently recorded in the clock and origin-sector channels of 
the memory disk. A sine wave originating in the clock channel produces equal- 
ly spaced pulses which control triggering of electronic components. Since 
there are as many clock pulses in the clock channel as there are binary digit 
(bit) spaces in the information channels, one clock pulse defines one bit time. 
Sector pulses recorded in the sector channel synchronize each memory loca- 
tion with memory head scanning in order to transfer words to and from the 
correct memory location. Additional appropriate timing signals for control 
and arithmetic operations are provided by a bit counter (composed of flip-flops) 
and timing flip-flops and gates. 

In addition to supplying the signals for memory write -read synchronization, 
the origin- sector channel also provides storage for memory load (bootstrap) 
and diagnostic routines. The first eleven words of the sector channel com- 
prise the bootstrap routine; the remainder of the channel contains the diagnos- 
tic routine. 

Normally not addressable by a program, the sector channel can be read, 
however, through a special operating procedure. This procedure utilizes the 
LOCATION RESET switch in a special manner to cause an instruction to be 
read from the sector channel instead of a main memory location. If compiita- 
tion is started at location 0000.0, the instructions stored in the sector channel 
will then be executed. It is impossible to write into the sector channel; mem- 
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Power Supply 

Primary power for the computer is supplied from a single-phase, 60-cycle, 
115-volt source. Paralleled connectors on the rear of the desk permit 115-volt 
connections for the standard and optional input-output devices. During the 
computer start process, power control circuitry of the power supply switches 
power to the memory, blowers, and secondary power supplies at the appropriate 
fixed times. The timing of power application is very important to the memory 
positioning procedure. 
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Secondary power supplies provide d-c voltages for operations of the 
computer and control console. These secondary supplies are mounted on six 
etched circuit boards which plug into receptacles on the power supply chassis: 
the f6, -6, and f0.75-volt board in Jl; the -IZ and f75-volt board in J2; the 
-18, -100 and -3-volt board in J3; the relay control network board in J4; the 
power supply network board in J5; and the power supply filter board in J6. 
Uses of the secondary power supplies are as follows: 

-100 -Volt Power Supply - Unregulated -100 -volt power is supolied for the 
neon indicators and as reference voltage for the other power supplies. 

-I8-Volt Power Supply - -IB-volt power with regulation of three percent 
is supplied to all logic gates in the computer. 

-12-Volt Power Supply - -12-volt power with regulation of three percent 
is supplied to logic flip-flops, read amplifiers, and clock circuits. 

-6-Volt Power Supply - -6-volt power with regulation of three percent is 
supplied to the logic flip-flops and the read amplifiers. 

-3-Volt Power Supply - -3-volt power is supplied to the emitters of the 
64 information channels write switches. 

+75-Volt Power Supply - f75-volt power with regulation of three percent 
is supplied to clock power amplifier No. 1 circuit board. 

f 6 -Volt Power Supply - f 6 -volt power with regulation of three percent is 
used mainly in the logic flip-flops. 

+0.75-Volt Power Supply - +-0.75-volt power with regulation of five per- 
cent is derived from 6-volt regulated power and supplied as bias cutoff 
of the driver stage of the read switching network. 

Signal and Control Circuits 

The signal and control circuits operating in conjunction with the memory 
and registers, provide basic timing and gating, perform arithmetic computat- 
ions, temporarily store information, and provide initial timing for the magnetic 
memory and synchronization of the logic circuits. Some of these circuits also 
control transfer of information between the computer and input-output equip- 
ment. Operations performed (commands executed) are listed in table 3-2. 

Virtually all of the signal and control circuits are mounted on plug-in cir- 
cuit boards in the computer, the remainder being located in the other units of 
the computer system. Each circuit board is of a particular building -block 
type to allow interchangeability among boards of a single type and to allow a 
modular-replacement form of maintenance when a particular circuit fails to 
function. 

Types and numbers of plug-in circuit boards which mount in the RECOMP III 
computer (figure 3-1) are as follows: 
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Clock power amplifier No. 1 1 

Clock power amplifier No. 2 1 

Logic network (gates) 38 

Flip-flop (four per board) *13 

Write amplifier 3 

Write switch 8 

Read amplifier 17 

Read switch ^ 

Logic driver 6 

Floating point arithmetic logic 8 (optional) 

Extended input-output register logic 1 (optional) 

■'' Including two boards for optional floating point arithmetic and extended 
input-output register. 

The computer is internally wired to the connectors for the boards required 
for operation of optional equipment. Circuit boards for the standard input-output 
equipment are located on the input-output chassis in the desk. The following 
circuit descriptions are written in terms of general functional stages of each 
circuit board. 



Clock Power Amplifier 

A clock signal synchronizes all computer operations by triggering the 
flip-flops at a confetant nominal frequency of 153 kilocycles per second. Because 
the source of the clock sigiial is a permanently recorded sine wave on the 
memory disk, all operations are synchronized with information transfers to 
and from memory as well as with each other. The clock signal consists of a 
squared voltage wave that is false (approximately ground level) for 1.75 micro- 
seconds and true (approximately -6 volts) for 4.62 microseconds. 

Clock power amplifier No. 1 shapes the clock signal and partially amplifies 
it. This board has two outputs. One, the strobe signal, is transmitted direct- 
ly to all read amplifiers in the computer to gate memory reading. The other 
output is transmitted to clock power amplifier No. 2. Clock power amplifier 
No. 2 inverts the sienal and provides the final current amolification reauired 
to drive the computer logic flip-flops. 

Logic Network 

Computer operation is specified by logic equations. These equations are 
mechanized by means of standardized "and", "and-and", and "and-or" diode 
logic gates, most of which are naounted on the logic network circuit boards. 
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Figure 3-1. Computer Circuit Board Locations 
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The "and" gate has the characteristic of giving a true output signal only if all 
its inputs are true. "And-and" gates are used to nriechanize logic involving 
cascaded "and" gates in which the first "and" gate is the primary gate and the 
second "and" gate is the secondary gate. "And-or" gates are used to complete 
the mechanization of most computer logic. 

Flip-Flop 

The flip-flop is a bi-stable circuit capable of storing a single bit (0 or 1) 
of information. Combinations of flip-flops are used for counting and storing, 
and for controlling various types of computer operations. 

Logic Driver 

Each RECOMP III logic driver circuit board contains three transistorized 
drivers which mainly provide supplemental ground current to those flip-flops 
used in a large number of logic gates. The logic drivers are applied to out- 
puts of flip-flops or primary gates in such manner as to limit the ground 
current loading on a flip-flop to 80 milliamperes or less. Each logic driver 
board also contains several prinmary "and" gates; these gates are similar in 
configuration to those on the logic network boards. The prinnary gates on the 
driver boards are not connected on the board to the drivers but are externally 
wired to them if a primary gate has secondary loading sufficient to require 
the supplemental driving current. 

Write Switching Network 

"Write switching network circuit boards contain circuitry for selection 
of a particular information channel write head. 

Write Amiplifier 

Three write amplifier circuit boards, each containing three amplifier 
flip-flops, supply write head current for recording information on the memory 
disk. Two write amplifier flip-flops are common to each of the 64 information 
channels; the remaining amplifiers are used for the high-speed loops and the 
1-word registers. 

Read Switching Network 

TP-^U -^ar^A a^rit-r-Uinrt notTirnft eolai^fc f V> *» nutrMif- nf nnf 1 Tif OT m 3 ti fin channpl 

read head from eight read head outputs during any given clock pulse time. 

Read Amplifier 

The read amplifier circuit boards amplify and shape signals fronn the 
memory read heads, RECOMP III used 17 read amplifier boards; eight for 
the 64 information channels, one each for the two 8-word loops (L and V) , one 
each for the five 1-word registers, one for the clock channel, and one for the 
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origin-sector channel. For the information channels, read amplifier input 
signals come from the read switching network; for the other channels, input 
signals come directly from the read heads. 

Arithmetic Elements 

In performing its operations, the computer basically utilizes two elements: 
the arithmetic registers (A, B, and R) and an adder-subtractor formed by two 
flip-flops. Except for the registers, which are partially contained on the 
memory disk, the computation elements are all located on circuit boards of 
the computer. The same elements are used for both fixed and floating point 
operations. However, in RECOMP III, some additional logic circuitry is 
required to enable the computer's built-in floating point capability. The 
arithmetic elements are described in detail in sections 6 and 7 of this manual. 

ContrQl Console 

The control console (figure 3-2) contains the switches and indicators for 
applying power to the computer system and for monitoring and controlling 
computer operations. In addition, the rear of the console (figure 3-3) has 
test jacks for monitoring timing and register signals. Dimensions of the 
RECOMP III control console are 11 inches wide, 7 inches deep, and 5 inches 
high. Weight is approximately 4 pounds. 

Input-Output Unit 

Standard input-output unit of the RECOMP III computer system is a modi- 
fied Model FL Flexowriter (figure 3-4) incorporating a keyboard, printer, 
tape reader, tape punch, code selector, and code translator. Speed of opera- 
tion of the tape reader, tape punch, and printer is a nominal 10 characters 
per second. 

The engineering-type keyboard, used in entering information into the 
computer, has all numeric and alphabetic characters of an ordinary type- 
writer. Both the reader and punch are capable of accepting variously-coded 
tapes containing from five to eight channels of information. The keyboard 
and printing mechanism, however, operate only in the established 6-channel 
code. 

When not in use as an input-output unit, the Flexowriter can be utili^ied 
for tape preparation, tape reproduction, and tape content printout. Tape re- 
production from a master tape is possible in any code of from five to eight 
channels. When utilizing the keyboard for preparation of input tapes, and 
during printout of information read from a tape, only the established 6-chan- 
nel code is usable. 

The Flexowriter is 17 1/2 inches wide, 20 inches deep, 10 inches high, 
and weighs approximately 85 pounds. 

Circuits for operation of this equipment are located within the unit and 
on input-output driver boards No. 1 and No. 2, and input-output logic board 
No. 1 in the input-output chassis of the desk. 
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Figure 3-2. RECOMP III Control Console. 
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Figure 3-3. Control Console Rear, 
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RECOMP III Tape Rewind Unit 

The tape rewind unit, positioned behind the Flexowriter in line with the 
tape punch and tape reader, is used principally for rewinding tape that has 
been read or punched. However, tape also can be fed from the rewind unit 
through the reader when the outer flange of the reel is extended outwards on 
the shaft, permitting free running. Diameter of the reel is five inches. 
Dimensions of the unit are 7 inches deep, 5 inches high, 6 inches wide; weight is 
approximately 6 pounds. 

Desk 

Principal purpose of the desk is to provide compact, neat- appearing 
housing and mounting for the computer and other elements of a RECOMP III 
computer system. The desk is designed to approximately the same overall 
dimensions as those of a standard size office desk. Structure of the desk 
frame, however, is made of welded steel to support the computer within the 
desk enclosure and for the control console, input -output unit, and tape rewind 
unit on top of the desk. Desk connectors and the non-computer circuits within 
the desk are described briefly in the following paragraphs. 

Rear Connector Panel 

The rear connector panel contains all receptacles for interconnections 
between the computer, control console, and input-output units (refer to 
illustration in Service manual). One 115 -volt a-c main power receptacle is 
connected to source power; two accessory power jacks, wired in parallel with 
the main power receptacle, provide connections for input-output devices. The 
main power receptacle is covered to provide protection from high-voltage 
shocks. Receptacles J901 through J909 on this panel provide connections for 
the cables to the control console and all input-output equipment used in con- 
junction with the computer. The 5- or 8-channel tape selector switch (SI) 
enables circiiitry for reading either 5- or 8-channel tape. The switch re- 
verses the order of channels 1 through 5 except channel 3 which remains in 
the same location with either tape. 

Also mounted on the rear connector panel is the running time meter which 
registers total hours and tenths of hours operating time of the computer. This 
meter is wired in parallel across the 115-volt a-c circuit so that it is operative 
only during power -on condition of the computer. 

Desk Interior 

The desk enclosure which houses the computer and input-output chassis 
has panels which are removable from the left side, right side, and rear. 
These snap-type release panels are easily removed by pulling outward and 
downward from the bottom of each panel. The enclosure is ventilated by 
louvered slots in the top of the right side panel and by the open bottom. 

Two blowers mounted above the com.puter power supply circulate cooling 
air down through the power supply and computer components. 

The input-output chassis is mounted on the inside surface of the rear 
connector panel within the desk interior (figure 3-5). Input-output logic and 
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Figure 3-5, Desk Interior. 



3-13 



driver circuit boards plug into receptacles J5 through .18 winch are wired to 
receptacles Jl through J4. Wire bundle plugs P801 through P804 plug into Jl 
through J4, respectively; wiring from these plugs is routed to the control 
panel and input-output equipment receptacles J901 through J909, to the power 
supply, and to the computer. 

Located in the bottom of the enclosure is terminal board No. 3 (TB3), 
the terminals of which provide connections for 115-volt a-c source power 
from the power receptacle in the rear connector panel to the computer chassis, 
and connections for the -lOO-volt power load resistors (Rl and R2) located 
behind TB3. Power load resistor R2 is adjustable to compensate for voltage 
deviations which may be encountered at different installation facilities (refer 
to section 4 of Service Manual). Terminal board No. 3 (TB3) and power load 
resistors Rl and R2 are covered to provide protection against high-voltage 
shocks or burns. 

Accessory EquipmeRt for Enabling Optional Capabilities 

RECOMP III computer is wired internally to accommodate the optional 
floating point arithmetic capability and to utilize various optional input-output 
devices. Additional computer circuit boards are required, however, as 
accessory equipment for implementation of these capabilities. 

To provide the computer with floating point arithmetic capability, eight 
special logic circuit boards and one standard flip-flop circuit board are plugged 
into the computer chassis. Refer to figure 3-1 for identification and location 
of these boards. 

When any input or output device other than the standard RECOMP Flexo- 
writer input-output unit is used with the computer, one additional special in- 
put-output logic circuit board is plugged into connector J8 of the input-output 
chassis. This board, Input-Output Logic Board No. 2, provides logic gating 
circuits for all optional input and output devices used with a RECOMP III com- 
puter. 

To provision the computer for input-output with a 12-channel card reader- 
punch, one additional standard flip-flop circuit board and one extended input- 
output register logic circuit board are plugged into the computer chassis m 
the locations shown on figure 3-1. Input-Output Logic Board No. 2 is also 
required to obtain this capability. The additional circuits on these three boards 
extend the computer's standard 8-channel input-output register ana logic cir- 
cuitry to enable 12-channel operations. 

PHYSICAL SPECIFICATIONS 

Size -- 30 inches high by 30 inches deep by 60 inches long (desk) plus 
approximately 6 cubic feet for standard input-output unit, control 
console, and tape rewind unit. 

Weight -- Approximately 250 pounds, exclusive of input-output equip- 
ment. 

Power Requirement -- Standard 115-volt, 60-cycle, single-phase, at 
3 50 watts. 
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Permissible Line Voltage Variation -- 105 to 1Z5 volts. 

Ambient Temperature Operating Range -- 50° to 110 "F. 

Permissible Internal Operating Temperature Range (Computer Only) -■ 
50 °F to 120° F; thermostatically-operated switch stops computer it 
125 °F. 

Air Conditioning Requirement -- Normally none. 

Cooling -- Two blowers in computer. 

Permissible Relative Humidity -- To 95 percent. 

Circuits ■^- Solid state, with printed circuit boards used whenever 
possible. 

Exterior Finish -- Beige, cocoa brown, madrone, and gold. 



OPERATING SPECIFICATIONS 

Type -- General purpose digital. 

Internal Number System -- Binary. 

Clock Frequency -- 153 kc (nominal). 

Operating Mode -- Serial, from internally stored program. 

Command Type -- Single address. 

Word Length -- 41 bits (1 synchronization, 40 information including sign 
where applicable). 

Programmed Word Formats -- Command (two commands per word), fixed 
point numeric, floating point numeric, and alphanumeric. 

RECOMP III Commands -- 50 in standard system, 4 additional floating 
point arithmetic when system incorporates this capability; for listings 
and functions of commands executed, refer to tables 3-1 and 3-2. 

RECOMP III Manuals Controls -- Power on-off, continuous and single cycle 
compute, halt, input select, output select, and location reset on control 
console; power on-off, local -compute, start read, stop read, non- print. 
Ignore stop, punch on, tape feed, code delete, and stop code on standard 
input-output unit; on-off switch on tape rewind unit. 

RECOMP III Operation Indicators --On, ready, compute, overflow, and 
13 location indicators on control console; input light on typewriter. 

Table 3-1. Mnemonic-Octal Conversion Table for RECOMP III Computer 

Commands. 





Octal 




Octal 




Octal 


Mnemonic 


Operation 


Mnemonic 


Operation 


Mnemonic 


Operation 


Symbol 


Code 


Symbol 
CLA 


Code 
37 


Symbol 
CTV 


Code 


ADD 


73 


41 


ALS 


02.0 


CLS 


36 


DIV 


66 


ARS 


03 


CME 


35.1 


EXT 


70 


ASC 


02.4 


CMC 


35.0 


FAD 


(75) 


ASV 


02.2 


CMP 


17.. 


FDV 


(26) 


CAR 


57 


CMZ 


16.4 


FMP 


(23) 


CAZ 


16.0 


CSA 


13 


FSB 


(74) 


CFL 


44 


CTL 


40 


HTR 


71 
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Table 3-1. Mnemonic-Octal Conversion Table for RECOMP III Computer 

Commands (Continued) 





Octal 




Octal 




Octal 


Mnemonic 


Operation 


Mnemonic 


Operation 


Mnemonic 


Operation 


Symbol 


Code 


Symbol 
RCA 


Code 


Symbol 
SUB 


Code 


ICH 


00 


77 


72 


LDI 


31. 1 


RCS 


76 


TIX 


10 


LLS 


42.0 


RND 


17,4 


TLB 


15 


LRS 


43 


SAN 


12.4 


TMI 


53 


LSC 


42.4 


SAP 


12.0 


TNZ 


11 


LSV 


42.2 


SLC 


25.0 


TOV 


52 


MPY 


63 


STA 


65 


TPL 


55 


NOP 


54 


STI 


25 .1 


TRA 


51 


OCH 


01 


STO 


45 


TZE 


50 


OVN 


13.4 


STR 


05 


XAR 


56 



Table 3-2, List of RECOMP III Computer Commands, 



Octal 
Operation Mnemonic 
Code Symbol 



00 



ICH 



Description 

Input 1 to 128 8-bit characters (all but last 5 are lost) 
into A from input device named in address (or set into 
input switch on the console). The console switch over- 
rides device selected in address, so it should be set to 
AUTO to allow program to specify its input device(s). 
The form of the address is as follows: 



Channel Portion 

/ ^ 

000 



Sector Portion 
^ 




Ignored 

•Number of charac- 
ters to be input. 
(Exception: 64 
calls for 128 char- 
acters; calls for 
64 characters). 

•Device: 

000 keyboard 
00 1 tape reader 

As each character is input into right-most 8 bits. of A, 
A is shifted left 8 bits through (including) sign position. 
Since typewriter keyboard uses a 6 bit code, the high 
2 bits of each character input from it will be zeros. 
Either of the tape readers will read 8 bits per charac- 
ter with a hole entering as one and no-hole as zero. 

(If first 2 bits of address are not zeros, first character 
input will have its low two bits forced to ones corres- 
ponding to the ones in the address). 
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Table 3-2. List of RE COM P III Computer Commands (Continued) 



Code Symbol Description 

01 OCH Output 1 to 128 characters from A to output device 

named in address (or set at output switch on console). 
Console switch overrides device selected in address, 
so it should be set to AUTO to allow program to specify 
its output device(s). The form of the address is as 
follows; 

Channel Portion Sector Portion 



Ignored 

l^-Number of charac- 
ters to be output. 
(Exception: 64 calls 
for 128 characters; 
calls for 64 char- 
acters) . 




►Device: 

000 keyboard 

001 tape punch 

As each character is output from the 8 left-most bit 
positions (including sign) of A, A is shifted left 8 bits 
and the 8 bits of last previous character output enter 
the right end of A. After output of the first character, 
these bits will be 00 100 IXX, where XX are the first 
2 bits of address. In treneral, any output of over 5 
characters will be meaningless, although 5 out of 
every 6 characters will be the original A-register 
contents . 

In output to Flexowriter keyboard, the 2 high bits of 
each character are ignored. Characters with no key 
representation are recorded as blanks. 



02 



ALS 



Shift contents of A left number of places in least sig- 
nificant bit of channel portion and 6 bits of sector 
portion of address (0 to 127 decimal). Bits leaving 
left end of A are lost. Bits entering right end of A 
will be zeros. Sign position of A is neither shifted 
nor affected. 



NOTE 

ALL SHIFT COMMANDS UTILIZE THE SAME SEVEN 
BITS TO INDICATE THE AMOUNT OF SHIFT, EITHER 
12-18 FOR A LEFT-HALF COMMAND OR 32-38 FOR 
A RIGHT-HALF COMMAND. 
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Talkie 3-2. List of RECOMP III Computer Commands (Continued) 



Code Symbol Description 

*02.2 ASV Shift contents of A left amount of shift specified. Turn 

overflow indicator on if any of bits lost from left end 
of A were one , 

*02. 4 ASC Shift contents of A left amount of shift specified or 

until A is normalized (left-most bit of A is a one),, 
whichever occurs first. Decrement I by number of 
places actually shifted. (I - index register). 

03 ARS Shift contents of A right amount of shift specified. 

Bits leaving right end< of A are lost. Bits entering 
left end of A will be zeros. 

05 STR Replace contents of word addressed by contents of R. 

10 TIX Subtract 1 at b = 38 from index register. If index 

register is not now zero, take next command from 
half word specified in address. This command (the 
TIX) must be in a left half word itself, but it can 
transfer to either half word. 

11 TNZ If contents of A are not equal to zero, take next com- 

mand from half-word specified in address. 

Make sign of A positive. 

Make sign of A negative. 

Reverse sign of A. 

Turn Overflow indicator on. 

If lowest order (right-most) bit of A is 1, take next 
command from half-word specified in address. 

Replace contents of A with positive zero . 

Replace contents of A with negative zero. 

Complement A. (Reverse every bit of A including 
the sign). 

=^17. 4 RND If highest order bit of R is 1, increase magnitude 

of A by 1 in the least significant position. If over- 
flow occurs, overflow indicator will turn on and 
sign A will be reversed. 

23 FMP Multiply A by floating point word addressed. R is 

destroyed. If product lies outside permissible 
range, turn overflow indicator on. 



12 


SAP 


*12.4 


SAN 


13 


CSA 


*13.4 


OVN 


15. 


TLB 


16. 


CAZ 


*16.4 


CMZ 


17 


CMP 
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Table 3-2. List of RECOMP III Computer Commands (Continued) 



Code Symbol 
25 SLC 



='^25. 1 STI 

26 FDV 

*31.1 LDI 



35 



36 



37 



40 



CMC 



*35. 1 CME 



CLS 



CLA 



CTL, 



Description 

Replace left-hand address portion of word addressed 
with complement of location counter (which will con- 
tain the location of this command). 

Replace right-hand address portion of word addressed 
with contents of index register. 

Divide A by floating point word addressed. R is de- 
stroyed. If quotient lies outside permissible range, 
turn overflow indicator on. 

Replace contents of index register with right-hand ad- 
dress portion of word addressed. Half word bit of ad- 
dress of this command must be one to effect loading of 
index. 

Compare contents of A with contents of word addressed. 
Turn overflow indicator on if word addressed is arith- 
metically greater than contents of A. Turn the over- 
flow indicator off if the word addressed is arithmeti- 
cally less than the contents of A. If word addressed 
and contents of A are both positive and equal, do noth- 
ing. If word addressed and contents of A are both nega- 
tive and equal, reverse overflow indicator. For the 
purpose of this command, plus zero is considered to 
be greater than minus zero. 

If contents of A are not equal to word addressed, turn 
overflow indicator on. For the purpose of this com- 
mand, plus zero does not equal minus zero. Note that, 
although the half word bit of the address is 1, this 
command refers to a full word. 

Clear and subtract. Replace contents of A with nega- 
tive of contents of word addressed. 

Clear and add. Replace contents of A with contents of 
word addressed. 

Replace words in L-loop, starting with word whose 
least significant address digit is the same as that of ad- 
dress, with consecutive words starting with word ad- 
dressed, until 7767 is filled. For example: 

CTL 12300 will replace words 7760-7767 with words 
1230-1237. 

CTL 12360 will replace words 7766 and 7767. with 
words 1236 and 1237. 

CTL 12370 will replace word 7767 with word 1237. 
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Code 



41 



42 



Table 3-2. 

Symbol 
CTV 

LLS 



*42.2 



LSV 



*42.4 



LSC 



43 



LRS 



List of RECOMP III Computer Commands (Continued) 

Description 

Replace words in V-loop until word 7777 is filled. 
This command is completely analogous to CTL 40. 

Shift contents of A and contents of R left amount of 
shift specified. Make sign of A same as sign of R. 
Bits leaving left end of A are lost. Bits entering 
right end of R will be zeros. Bits leaving left end of 
R enter right end of A. 

Shift contents of A and contents of R left amount of 
shift specified. Turn overflow indicator on if anv of 
bits lost from left end of A were 1. Make sign of A 
same as sign of R. 

Shift contents of A and contents of R left amount of 
shift specified or until A is normalized (leftmost bit 
of A is 1), whichever occurs first. Decrement I by 
number of places actually shifted. Make sign of A 
same as sign of R. 

Shift contents of A and contents of R right the amount 
of shift specified. Make sign of R same as sign of A, 
Bits leaving right end of R are lost. Bits entering 
left end of A are zero. Bits leaving right end of A 
enter left end of R. 



44 



CFL 



Replace words in mennory from L-loop. Analogous 
to CTL 40. 



45 
50 

51 
52 



STO 
TZE 

TRA 
TOV 



NOTE 

COPY FROM OR TO L COMMANDS WITH LOOP 
ADDRESSES (7760-7777) WILL READ INTO OR FROM 
THE SO-CALLED "GRAY" AREA WHICH IS THE 
LAST 16 WORD SECTORS OF CHANNEL 77. HOW- 
EVER, THE CTV COMMAND CANNOT BE USED TO 
COPY FROM THE "GRAY" AREA. 

Replace contents of word addressed by contents of A. • 

If contents of A are equal to zero (plus or minus), take 
the next command from half-word specified in address. 

Transfer. Take next command from half-word speci- 
fied by address instead of sequentially. A half-word 
bit of 1 indicates right-half command. 

If overflow indicator is on, turn it off and take next 
command from half-word specified in the address. 
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Table 3-2. List of RECOMP III Computer Commands (Continued) 



Code 



53 



65 
66 



70 



71 



72 



73 



74 



75 



Symbol 



TMI 



54 


NOP 


55 


TPL 


56 


XAR 


57 


CAR 


63 


MPY 



STA 
DIV 



EXT 



HTR 



SUB 



ADD 



FSB 



FAD 



Description 

If sign of A is negative, take next command from 
half-word specified in address. 

No operation. This command has no effect. 

If sign of A is positive, take next command from 
half-word specified in address. 

Exchange contents of A with contents of R. 

Replace contents of R with contents of A. 

Mulitply contents of A by contents of word addressed, 
and replace contents of A and R with product. Both 
A and R will have sign of product. 

Replace address portion of half word addressed by 
corresponding address portion of A. 

Divide contents of A and R (dividend has sign of A) 
by contents of word addressed and replace contents 
of A by quotient and contents of R by remainder (with 
original sign of A). If overflow occurs, overflow 
indicator will turn on. 

Extract (bitwise logical and). Compare contents of 
A with contents of word addressed bit by bit, includ- 
ing sign position. Whenever corresponding bits of 
A and word addressed are both I's, leave 1 in A. 
Whenever either of the corresponding bits of A and 
word addressed is zero, put zero into that position 
of A. (A plus sign is onera. minus sign is zero). 

Halt. When computing is resumed, take next command 
from half-word specified in address. 

Subtract arithmetically contents of word addressed 
from contents of A and put difference in A. If over- 
flow occurs, overflow indicator will turn on, and 
sign of A will be reversed. 

Add arithnme tic ally contents of word addressed to con- 
tents of A and put sum in A. If overflow occurs, 
overflow indicator will turn on, and sign of A will be 
reversed. 

Subtract floating point word addressed from A, R 
is destroyed. If difference lies outside permissible 
range, turn overflow indicator on. 

Add floating point word addressed to A. R is destroyed. 
If sum lies outside permissible range, turn overflow 
indicator on. 
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Table 3-2. List of RECOMP III Computer Commands (Continued) 

Code Symbol Description 

76 RCS Replace the contents of R with contents of A. Then 

replace contents of A with negative of contents of 
word addressed. 

77 RCA Replace contents of R with contents of A. Then re- 

place contents of A with contents of word addressed, 

NOTE 

* THE OPERATION CODES USUALLY CONSIST OF 
TWO OCTAL DIGITS EACH. HOWEVER, SOME 
OPERATION CODES UTILIZE THE HIGHEST, 
NEXT TO HIGHEST, OR LOWEST BIT OF THE 
ADDRESS. THESE ARE LISTED AS XX. 4, XX. 2, 
OR XX. 1, RESPECTIVELY. 
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Section 4 
OPERATING PROCEDURES 



GENERAL 

Basic procedures for operation of the computer system in normal usage 
are presented in this section. Those procedures concerning operation during 
maintenance are given in the service manual. Procedures in this section 
cover pre-operating preparations, operating precautions, and system and 
input-output equipment operating procedures. Controls and their functions 
are listed in table 4-1. 

Operation of a standard computer system in the compute mode requires 
proper positioning of switches on both the control console and input-output 
equipment. 

Preparation and/or reproduction of RECOMP III tapes (Flexowriter local 
mode of operation) utilizes only switches of the Flexowriter, with power being 
supplied through the power ON/OFF switch at the right side of the keyboard. 
Control of the RECOMP III tape rewind unit, which is connected to the 
auxiliary power receptacle on the Flexowriter, is through an ON/OFF switch 
near the tape reel. 

PRE-OPERATING PREPARATIONS 

Usually, preparation of the computer system for operation consists of 
(1) verifying interconnections between elements of the system, (2) providing 
tape for the punch and paper for the printer as required, (3) connecting the 
system to the power source and (4) selecting the appropriate position of the 
5- or 8-channel tape select switch. Before connecting the system to the 
power source, the system should be checked to ensure that all controls are 
in off or neutral position. 

In addition to the preceding customary preparations, pre-operating steps 
may also, on occasion, be extended to include (1) operation of the input-output 
units in local mode of operation and (2) verification of the system's operational 
status through execution of the RECOMP III origin- sector channel diagnostic 
test routine. 

OPERATING PRECAUTIONS 

Several operating precautions must be adhered to as a safeguard against 
possible damage to the coniputer system. Following are the major operating 
precautions: 

Do not restrict the flow of air around the computer by storing boxes 
or cabinets in front of the air vent. 
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Ensure that the disk memory is completely stopped prior to moving 
the computer by allowing at least 15 minutes from power turnoff for 
complete deceleration. 

Do not bump or jar the computer during the time the disk memory is 
accelerating or decelerating. 

Always follow the established procedure for applying power to the 
computer system to ensure that the system will not be affected by 
power transients. 

Always remove power from the computer system according to the 
established procedure; never unplug the power cable from the wall 
receptacle to remove power. 

After removing power from the computer system, do not reapply 
power until after 10 seconds have elapsed; the memory disk must 
completely drop away from the headplate before reapplying power 
to ensure against damage to the disk. 

Never operate the computer at temperatures below 50 degrees F". ; 
the air thrust bearing in the computer memory does not function 
properly below this temperature and damage to the memory nmay 
result. 

If an auxiliary source is to supply power either permanently in 
place of or temporarily as an emergency substitute for line power, 
the computer should be modified with a failsafe circuit to ensure 
against possible damage to the memory resulting from sudden and 
excessive voltage and frequency fluctuations. The modification is 
relatively minor and should be made prior to installation of a 
system. 

Do not touch electronic components with hands as poor connections 
will result from grease or grime. 

Do not operate the LOCATION RESET switch on the control console 
for computer synchronization or origin-sector channel readout until 
the OPERATION switch has been set to halt position (refer to control 
console description in Section 6, Functional Description), 



SYSTEM OPERATING PROCEDURES 

General procedures for manually controlling connputer system operation 

execution of specific programs are normally included with the descriptions 
of such programs. 



Cemputar System Start Procedur* 

Following are the procedures for starting the computer system: 

1. On RECOMP III control console, ensur-2 that OPERATION selector 
switch is at halt position. 
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2. On control console, depress POWER ON switch (POWER ON 
indicator lights immediately). 

NOTE 

AFTER APPROXIMATELY 40 SECONDS, THE READY 
INDICATOR LIGHTS, SIGNIFYING THAT THE COMPUTER 
IS NOW READY FOR OPERATION. 

3. On input-output equipment, place switches at proper positions for 
compute mode of operation and type of program to be executed. 



Cemputtr Sytttm Step Proccdurt 

To shut down the computer system proceed as follows: 

1. On RECOMP III control console, place OPERATION selector 
switch at halt position. 

2. On input-output equipment, place power ON/OFF switches at OFF, 

3. On control console, place POWER ON/OFF switch at OFF. 

NOTE 

WHEN POWER IS REMOVED, POWER ON AND READY 
INDICATORS EXTINGUISH IMMEDIATELY AND MEMORY 
DISK RETRACTS FROM PROXIMITY OF HEAD PLATE. 

CAUTION 

THE COMPUTER SHOULD NEVER BE MOVED WHILE THE 
MEMORY' DISK IS ROTATING. ALLOW AT LEAST 15 
MINUTES AFTER POWER REMOVAL FOR MEMORY DE- 
CELERATION BEFORE MOVING THE COMPUTER. 

NEVER DEPRESS THE POWER ON SWITCH ON THE CONTROL 
CONSOLE FOR RESTART UNTIL AFTER 10 SECONDS HAVE 
ELAPSED. 



CompHtcr Operating Procedures 

Most computer operations are directed by internally stored programs. 
However, some operations can be manually directed from the control console. 
Also in the RECOMP III system, when operating under program control, 
certain operations can be directed from an input-output unit through an internally 
stored program, such as from the Flexowriter through the RECOMP III Load- 
Start Program. Functioning of the operating controls and indicators is des- 
cribed in Section 6, Functional Description. 
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Input-Output Equipment Operating Procedures 

Regardless of the type of input-output device used with the computer, 
all switches or controls nnust be at off or neutral position prior to applying 
power. During operation, all switches establishing compute or local mode of 
operation and input-output device designation must be at the proper position 
before beginning computations or off-line operations. Procedures for operating 
the input-output equipment are presented separately for the compute and local 
modes of operation. Table 6-3 lists the switch positions which select the 
various RECOMP III input-output devices. 

Use of RECOMP II Format Tapes 

A RECOMP II Format Tape Input program, when utilized in conjunction 
with the 5-channel position of the RECOMP III tape select switch, enables 
input to RECOMP III of RECOMP III programs punched in 5-channel RECOMP 

II format. The RECOMP III program may have been prepared in either 
RECOMP II command, alphanumeric, or location format. Tapes may have 
been prepared on a tape preparation device such as the VersaTape or a 
Baudot-coded Flexowriter, or produced by the RECOMP II computer system 
in either its off-line or on-line modes of operation. The RECOMP II format 
is then converted to a RECOMP III version and the data stored in the RECOMP 

III memory. Conversion is effected without repunching and subsequent re- 
reading of the data by a RECOMP III Flexowriter or other input-output device. 

The RECOMP II Format Tape Input program occupies 53 memory locations 
and is relocatable. It ignores leading tape feed and accepts L, C, F, S and 
H formats as described in the RECOMP II programming manual. A/ or an 
N are not accepted. Multiple carriage returns are handled the same as by the 
RECOMP II. Letter shift and figure shift characters (RECOMP II octal codes 
33 and 37) are ignored except in alphanumeric format. 

Entry of the RECOMP II Format Tape Input program into RECOMP III 
requires use of the Load-Start Program (refer to section 5 of RECOMP III 
Service Manual). The procedure for input into RECOMP III from a 5-channel 
RECOMP II format tape is as follows: 

1. Ensure that Load-Start Program is stored in memory. 

2. Enter RECOMP II Format Tape Input Program into memory. 

3. Load prepared RECOMP III program punched on 5-channel tape 
into tape reader. 

CAUTION 

TAPE MUST BE POSITIONED WITH THE THREE CODE 
HOLES INWAR.D OF THE FEED (SPROCKET HOLE) PINS. 

4. Adjust tape table guide against outer edge of tape. 

5. Place tape select switch (in desk well) at 5. 
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6.. On control console, verify that OPERATION selector switch is at 
halt position. 

7. Verify that INPUT SELECT switch on control console is at AUTO 
position. 

8. On control console, depress and release LOCATION RESET button, 
then place OPERATION selector switch at CONTINUOUS position. 

9. On keyboard, strike sxxxxx followed by carriage return (where 
xxxxx represents first memory location of RECOMP II Format Tape 
Input program). 

NOTE 



10. 



THE TAPE CONTAINING THE RECOMP III PROGRAM MUST 
DESIGNATE THE FIRST MEMORY LOCATION INTO WHICH 
THE PROGRAM WILL BE ENTERED. 

When loading of RECOMP III program is completed, place OPERATION 
selector switch at halt position and tape select switch at 8. 



RECOMP II Format Tape input Program Printout 

NOTE 

MEMORY LOCATIONS LISTED IN THE FOLLOWING PRINTOUT ARE 
FOR PURPOSES OF EXAMPLE ONLY. 



1000 -4010000f4110100 

1 +-5 17764 11-4300040 

2 4-37776004-4220030 

3 f5277640f 1240000 

4 f4577600f 00020 10 

5 f 70 10 llOf 0200250 

6 f7210070f4577670 

7 f3610200f5310631 
1010 fl57764H-4577710 

1 -0000000-0000171 

2 +1077611f3110271 

3 f4300020-l-3777600 

4 f42200 104-5 177630 

5 f77777604-7210470 

6 f657776lf0570000 

7 f3110461f5277641 
1020 -65777614-5110331 

1 -3777710f5400030 

2 -6510341f5110341 

3 -37104604-5110570 

4 f7777760f5110610 

5 -37777604-5110260 

6 f6577741f5177741 

7 -3777710f5400070 
1030 -3777600f5177750 

1 4-3607411f4110260 

2 -3777710f5400040 



1033 f4577750f3110401 

4 f517764l4-7177240 

5 -37102404-5110370 

6 -37101504-5110330 

7 f5110571-0000000 
1040 -3777710f5400050 

1 -3710470f5110570 

2 -3710200f5110330 

3 -37777104-5400020 

4 -37777604-5110220 

5 -3777710f5400060 

6 -3777710f5400000 

7 -3777710f5400010 
1050 f3 17765 lf00020 10 

1 f4300050f3777670 

2 f4200040f 42200 10 

3 -1200000f5277641 

4 f 1240000f4577670 

5 f 10776014-5400100 

6 f40 100 104-5 177640 

7 -5177721f4577751 
1060 4-40 10500f 5 177600 

1 f6510621f7210470 

2 f657776 14-0530 170 

3 f5110600f3710310 

4 4-0100050f7177641 
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Flexowriter Operating Procedure 

The Flexowriter is the standard input-output device used with the 
RE COM P III computer system. Operating procedures for this equipment are 
presented in following paragraphs. 



Compute Mode of Operation 

The compute mode of operation with the Flexowriter as the input-output 
device utilizes only the power ON-OFF and LOCAL-COMPUTE switches of 
the Flexowriter. Operating procedures for this mode are normally included 
with the program-execution instructions accompanying computer programs 
and routines. 



Local Mode of Operation 

When not in use as an input-output device, the Flexowriter can be utilized 
for tape preparation, tape reproduction, and tape content printout. 

To prepare a tape, use the following procedure: 

1. Place Flexowriter power switch at ON. 

2. Place LOCAL- COMPUTE switch at LOCAL. 

3. Depress PUNCH ON switch. 

4. Operate keyboard as required for desired format until tape preparation 
is completed. 

5. Return all switches to off or neutral conditionr.. 

To reproduce a tape, with or without simultaneous tape content printout, 
proceed as follows: 

1. Insert tape to be reproduced into tape reader. 

2. Place Flexowriter power switch at ON, 

3. Place LOCAL- COMPUTE switch at LOCAL. 

4. Depress PUNCH ON switch. 

5. Depress IGNORE STOP switch. 

NOTE 

DEPRESSING THE IGNORE STOP SWITCH BEFORE STARTING 
THE READING PROCESS CAUSES THE READER TO IGNORE 
STOP CODES ON TAPE AND CONTINUE NORMAL OPERATION. 

6. Depress NON-PRINT switch. 

NOTE 

IF TAPE CONTENT PRINTOUT IS DESIRED SIMULTANEOUSLY 
WITH TAPE DUPLICATION, ALL SWITCH SETTINGS ARE THE 
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SAME EXCEPT START READ IS DEPRESSED INSTEAD OF NON- 
PRINT. A PRINTOUT WILL BE INTELLIGIBLE AND REPRO- 
DUCTION CORRECT ONLY IF THE TAPE CONTENT IS IN THE 
STANDARD RECOMP III 6-CHANNEL CODE. 

7. Return all switches to off or neutral condition upon completion of 
reproducing tape. 

To produce tape content printout without punching tape, perform the 
following procedure: 

1. Place Flexowriter power switch at ON. 

2. Place LOCAL-COMPUTE switch at LOCAL. 

3. Depress START READ switch. 

NOTE 

IF A STOP CODE IS READ DURING TAPE CONTENT PRINT- 
OUT, THE START READ SWITCH MUST BE DEPRESSED TO 
RESUME READER OPERATION. DEPRESSING THE IGNORE 
STOP SWITCH CAUSES THE READER TO IGNORE STOP 
CODES ON TAPE AND CONTINUE NORMAL OPERATION. 
A TAPE CONTENT PRINTOUT WILL BE INTELLIGIBLE 
ONLY IF TAPE CONTENT IS IN THE STANDARD RECOMP 
III 6-CHANNEL CODE. 

4. Depress STOP READ switch to stop reader operation. 

5. Return all switches to off or neutral condition. 

Table 4-1. RECOMP HI Operating Controls and Indicators with 

Functions 



Control or 
Indicator 


Ref. 
Des, 


Location 


Functions 


Compute Mode 


Local Mode 


POWER 
ON/OFF 


SI 


Control 
Console 


Applies and removes 
power to and from 
computer. 




OPERATION 


S2 


Control 
Console 


Selects CONTINUOUS, 
SINGLE COMMAND, or 
halt action of computer. 




LOCATION 
RESET 


S5 


Control 
Console 


Generates origin-sector 
channel read signal when 
fully depressed; during 
depression and release 
generates signal resett- 
ing location counter to 
zero. 
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Table 4-1. RECOMP III Operating Controls and Indicators with Functions 

(Continued) 



Control or 
Indicator 


Ref. 
Des. 


Location 


Functions j 


Compute Mode 


Local Mode 


INPUT 
SELECT 


S3 


Control 
Console 


Permits automatic de- 
signation, or manually 
selects input device 
for operation with 
computer. 




OUTPUT 
SELECT 


84 


Control 
Console 


Permits automatic 
designation, or nman- 
ually selects, output 
device for operation 
with computer. 




POWER ON 
INDICATOR 


LI 


Control 
Console 


Indicates application of 
115-volt a-c power to 
computer through con- 
tacts of POWER switch. 




READY 
INDICATOR 


L2 


Control 
Console 


Indicates coinputer- 
ready condition. 




COMPUTE 


L3 


Control 
Console 


Indicates compute state. 




OVERFLOW 


L4 


Control 
Console 


Indicates overflow con- 
dition in computer. 




Location 
Counter Dis- 
play 


L5 
thru 
LI 7 


Control 
Console 


Indicates memory ad- 
dress of next instruct- 
ion to be executed when 
connputer is in halt 
condition. 




ON/OFF 


SI 


Flexowriter 


Controls applications of 115-volt a-c power 
to Flexowriter. 


LOCAL/ 
COMPUTE 


S2 


Flexowriter 


Selects mode of operation of Flexowriter. 


STAR.T READ 


S3 


Flexowriter 




Automatically 
starts tape 
reader operat- 
ion. 


STOP READ 


S4 


Flexowriter 




Stops tape read- 
er operation. 


NON- PRINT 


S5 


Flexowriter 




Allows direct 
reproduction of 
tape from read- 
er to punch 
without pro- 
ducing printed 
copy. 
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Table 4-1. RE COMP III Operating Controls and Indicators with 

Functions (Continued) 



Control or 
Indicator 


Ref. 
Des. 


Location 


Functions 


Compute Mode 


Local Mode 


IGNORE STOP 


S6 


Flexowriter 




Causes reader 
not to recognize 
and stop on 
STOP code. 


PUNCH ON 


S7 


Flexowriter 




Energizes punch 
circuits to 
standby mode, 
ready to punch 
tape on receipt 
of information 
from reader or 
keyboard. 


TAPE FEED 


S8 


Flexowriter 




Causes tape feed 
(punches sprocket 
holes only) as 
switch is depress- 
ed. 


CODE 

DELETE 


S9 


Flexowriter 




Punches all six 
channels of tape 
to delect a code 
punched in error. 


STOP CODE 


SIO 


Flexowriter 




Punches a code 
which, when read 
by reader, causes 
reader to stop. 


Tape Select 


SI 


Desk Well 


Selects 5-t)r 8-channel 
tape circuitry during 
input operations. 


INPUT 


PL 


Flexowriter 




Indicates when 
computer is ready 
for input from key- 
board or tape 
reader. 


On/Off 


SI 


Tape Re- 
wind 


Operates tape rewind unit. 


Circuit 
Breakers 


CBl, 
CB2 


Power 
Supply (In 
Desk) 


Provides a-c circuit protection for connputer. 
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Section 5 
PRINCIPLES OF OPERATION 



GENERAL 

Basically, all general purpose digital computing systems contain the same 
major elements and operate according to the same general principles. The 
major elements always present are input, storage, arithmetic and information 
processing, output, control, and power supply. General functional principles 
employed by virtually all systems in most of their operations are, briefly: 

Coded information, consisting of both commands and data, is entered 
from an input device into the computer's internal storage element. 

The commands and data are retrieved from internal storage and utilized 
for cornputations or processing. 

As desired, the result of computation or processing is either (1) placed 
back into internal storage for further computation or processing, or for 
output to an external device or (2) is retained in the arithmetic element 
for immediate use in additional conaputation or processing. 

When desired, information is withdrawn from internal storage and trans- 
mitted out of the computer to an output device which records the data 
in either a coded or binary form. 

RECOMP is the same as the other general purpose digital computing systems 
in these basic general aspects. However, in the type of major elements used 
and in the manner of effecting the general functional principles, RECOMP 
differs somewhat from other systems. 

This section describes, in general terms, the manner in ■wiiich RECOMP 
effects its various operations. Because the general theory of operation can 
be more readily understood with the supposition that information is already 
in the computer system, the discussion assumes that commands and data 
have been entered into storage from an input device and that the computation 
or processing will be performed on that data. Detailed explanations of the 
operations discussed are given in Section 6, Functional Description, and 
Section 7, Logic Description. 

Information on the specific type of elements comprisng the RECOMP 
system is contained in section 3 and, consequently, is omitted from this 
discussion. However, familiarity with the characteristics of these elements 
as well as a general acquaintance with the operations ordered by the various 
commands (section 3), is essential to understanding the information presented 
in subsequent paragraphs. 
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OPERATIONS CONTROL 

The operations control function ensures that all actions are performed in 
specific predetermined action sequences, with variations possible only as a 
result of predetermined circumstances. Both the predetermined sequences 
and the variations in sequence are established by specific signals from various 
electronic components and electromechanical parts such as flip-flops, gates, 
cam-actuated contacts, and switches. Most of these control signals include, 
as an integral part, timing signals to establish the exact time at which a 
specific sequence will begin or terminate. Thus, when the system is funct- 
ioning correctly, a specific action sequence can be caused only by one unique 
signal or combination of signals. 

The major action sequences are commonly referred to as operating modes. 
These modes, signified in RECOMP III by the states of several flip-flops, are 
designated sync, idle, command, direction, operand, execute, input, outpvit, 
and display. Functions of these modes are summarized in table 5-1. 

Action sequences within the major modes are called sub-modes or mode 
phases, and are specified in RECOMP III by the states of two flip-flops. The 
phases are designated 1 through 4. As in the major modes, the phase entered 
is determined by settings of flip-flops and other components. Actions specified 
by phases include such operations as transferring a command pair from 
men^ory into the B-register, selecting a specific mennory location at which 
writing or reading will occur, and changing the content of the location counter. 
Not all mode phases are used in each mode. Phases utilized in the different 
modes and their functions are given in table 5-1. 

Settings of the flip-flops used for designating the modes and phases are 
established principally from (1) the flip-flops containing the operation code of 
the command being executed, and (2) signals generated from switch positions 
established through operator action. Thus, in actuality, program commands and 
the operator direct system operations even though the control may appear to 
be derived solely from electronic and electromechanical devices. 

Program and Manual Direction 

Because the program and operator control is superimposed over that established 
by the computer, the program commands and operator actions must be correct. 
During execution of a command, the action specified by the operation code can be 
altered only by the logic of the command, which may or may not allow the action 
to follow one of several alternative courses. For example, in a transfer command, 
Lne operaLiuii cuue sptji^meti ct LJ-cuiaxci ux <^uni-i<jjL xx a. v.>-x i-aj-ij. ^^xx~~^x>-x^^^. ^^ ^^^^^^^^~^. 
However, whether the transfer actually occurs or the computer continues to 
execute commands in sequence depends on success or failure, respectively, in 
meeting the conditional requirements. As another example, an add operation 
code always causes execution of the addition command. But the manner in which 
the result is derived depends on whether either or both quantities involved are 
negative or positive numbers. 
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While alternative courses of action during execution of a command are 
fixed by logic design, deviations in computer operations are possible through 
programming. In RE COM P III, two program modifiers may be incorporated 
into certain commands by the programmer which, when interpreted by the 
computer, cause deviations in program execution. Both modifiers use 
command bit positions other than those ordinarily used for the operation code. 
These positions are the sign position of the right command of a pair and the 
halt word indicator position of a transfer of control command. The sign 
position of the right command, when minus (0), indicates indexing is to be 
performed against an address of a right command operand; that is, the address 
originally specified is changed in direct relation to the number contained in the 
index register. The half word indicator in a transfer of control command 
specifies whether program execution sequence will proceed to the left or right 
command of a pair at the location specified in the command. 

After the program of commands and data has been entered into internal 
storage ajid program execution has been initiated, system operation is virtually 
automatic in that actions specified by the commands are carried out in proper 
manner and sequence without any significant operator assistance. Execution of 
the individual comnnands is then under control of the components which establish 
the modes and phases employed in effecting the operations specified. 

Mode Selection and Sequencing 

Components establishing the modes and phases consist principally of flip-flops 
and gates. Their signals, along with those from various switches and contacts, 
constitute the mode and phase logic that determines and controls the operations 
of the entire system. The logic for determining a particular mode and phase and 
for sequencing from one mode and phase to another, is represented by flip-flop 
states whose settings originate from variety ot sources and circumstances. Princi- 
pal source is signals from secondary gates; primary controlling circumstance is 
the nature of the operation code. Other circumstances include binary value of the 
half-word indicator, existence of an indexing requirement, and positions of sw^itches, 

The nature of the operation code produces considerable variation in the 
selection of modes and phases used by the different commands and in the sequencing 
from one mode and phase to another. For example, the operation code of the 
halt and transfer command causes operations to proceed from the operand mode 
through the operand direction, and display modes to the idle mode. The operation 
code of the divide command, however, causes operations to progress from 
operand mode through operand, direction, and execute modes to command or 
operand mode. 

Although configuration of the operation code is the main factor governing most 
mode and phase selection and sequencing, two modes, sync and idle, utilize other 
determinants. Sync mode is established initially by signals from the power 
supply, idle mode by signals from the digit counter in conjunction with mode 
control flip-flops. Entry into the command mode at the start of program execution 
is also initiated at a non flip-flop source, the signal originating at the OPERATION 
switch. Subsequent entry into command mode, however, is caused by flip-flop 
and gate signals. 
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Selection of the appropriate mode and phase at the beginning of execution of 
a command is accomplished during operand mode when the flip-flops containing 
the operation code and other deternninants establish the mode and phase flip-flop 
settings. Sequencing fronn one mode and phase to another during execution of a 
command is then accomplished through various mode and phase control flip-flop 
and gate signals, along with timing signals. 

Phase-Duration Timing and Termination 

The flip-flop and gate signals governing operation sequencing and duration 
vary in configuration, but a timing signal is always present in one form or another. 
Timing originates as a memory disk clock signal which is then applied to all flip- 
flops. Certain flip-flops constituting the digit (bit) counter, in turn, generate 
special timing signals for determining duration and sequencing of all computer 
operations . 

Initial timing following power turn-on is provided by power supply relays. 
Upon completion of logic synchronization, the various configurations of the digit 
counter flip-flops provide signals to timing flip-flops and gates whose signals 
are always coincident with a bit time or word time. The timing flip-flop and gate 
signals are, in turn, then used alone or in conjunction with other flip-flop and 
gate signals to control mode and phase selection, duration, termination and 
sequencing. 

Circumstances initiating termination include conditions such as operation for 
the specific number of word times required to execute a command, completion of 
transfer of information between memory and registers, fulfillment of a condition, 
completion of the number of shifts specified, and number of characters input or 
output. 

Termination of a phase constitutes entry into a next mode or phase. However, 
the next mode or phase entered depends solely on the nature of the operation 
specified by the command being or just executed. Progression may be into a 
phase of the same mode or a different mode, and may bypass phases within a 
mode or modes which normally would occur next in sequence. However, regard- 
less of the cause of termination and the subsequent mode or phase entered, the 
transition always is performed at the predetermined time established through logic. 

INFORK/IATiON ENTRY 

Both commands and data can be entered into internal storage from various 
input devices. These devices may include equipment such as a keyboard, tape 
reader, punched card reader, or other units meeting signal requirements of the 
computer. Selection of the device to be used foi' input can ue acnieveu. uy eitner 
the input command or a switch. Entry of the commands and data can be accomplished 
manually, such as from the keyboard, or automatically by the input device under 
computer control, as with a tape or punched card reader. Regardless of the entry 
method, however^ the input process is always under control of the input mode logic 
in respect to coordination and timing. 

Equipment Coordination and Timing 

Entry of information into the RECOMP HI computer is always coordinated witl 
other system actions and performed in specific, timed sequences. Immediately 
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following entry into the input mode, a signal is sent from the computer select- 
ing and starting the input device to be used. This signal also signifies that the 
computer is ready to accept information. If the input device is operating and 
ready to transmit information to the computer, the input device then sends a 
timing pulse to the computer. This pulse indicates that the input device is 
transmitting the first character. (When information is being entered manually, 
operator depression of the appropriate key on the keyboard results in mech- 
anical action that is translated into the coded signals transmitted to the 
computer. If the information is being entered automatically by a device, the 
selected unit reads the storage medium and translates the coded information 
into the signals sent to the computer.) 

During transmission of the first character, the input device timing pulse 
to the computer discontinues to allow the computer to transfer the character 
from its input components to the A-register. Continued presence of the computer 
select-and-start signal, however, causes continued operation of the input device 
and generation of another timing pulse indicating transmission of the next 
character to the computer. 

The input process continues until the quantity of characters specified by 
the command to be entered has been transmitted to the computer. When the 
last character has been entered, the character tally in the character counter 
initiates logic signals which cause termination of the input command. Transition 
from the input mode is either to the command or operand mode, depending on 
whether the input command was the right or left command of a pair, respectively. 



Information Flow 

Although information always is transmitted from the input device to the 
com.puter in the form of characters, the nnethod of handling the information 
in the computer differs somewhat according to the quantity of characters 
entered. When the quantity of characters is insufficient to form one computer 
word, the characters are input sequentially until the quantity specified is 
entered, after which the input command is terminated automatically. If the 
quantity of characters to be entered forms one or more computer words, the 
quantity specified is likewise input in sequence and the input command is ter- 
minated automatically. However, only the last five characters entered are 
retained in the A-register, the remainder being lost. 

Infomnation flow on input is always from the input device to the D and C 
(and in some instances E) flip-flops, then to the A-register. Execution of a 
Store command then transfers the characters in the A-register through the B- 
register into internal storage. The bits constituting one character are trans- 
mitted between the input device and the flip-flops on parallel lines. However, 
from the flip-flops to the A-register and from this register through the B- 
register into memory, the bits are transferred serially. All information 
entered may be placed into main memory or the rapid-access loops as desired. 

A count of the number of characters entered is tallied by the character 
counter portion of the G-register. This count is used in the input termination 
procedure. 
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INFORMATION STORAGE 

All information entered into nnemory is placed there via the B-register. 
Likewise, information retrieved from storage is also always routed through 
this register. The only memory writing-reading processes not utilizing 
the B-register are information transfers between the loops and main memory. 
Following paragraphs describe the writing and reading processes, storage 
location selection, and coordination and timing of writing and reading with 
other computer operations. 

Writing and Reading Processes 

The writing and reading processes employ a principle in which information 
is recorded on a rotating disk as flux patterns representing binary digits and 
read from it in the form of voltage pulses. 

When recording into main memory (except from a rapid-access loop) 
information flow proceeds from the B-register to the write amplifier flip-flops, 
then to a specific write head chosen by a flip-flop selection matrix. In writing 
into loops and registers, the information flow is the same except no selection by 
a matrix is required. Information flow from a loop to main memory proceeds 
from a loop read amplifier direct to the main memory write amplifiers. 

Actual recording of information on the disk is accomplished with write 
currents originated on circuit boards as a positive or negative voltage for a 
one or zero binary digit, respectively. Because the current direction changes 
only at transitions between unlike digits, the method of recording is termed 
the nc ■'-return-to-zero nnethod. 

Reading of infornnation from memory is accomplished by read heads 
constantly detecting the information on the disk and sending corresponding 
signals to read switch boards or, in the loops and registers, to the read 
amplifiers. The read heads sense only the changes in magnetic state. A 
change from a zero to one binary digit results in a positive pulse and a change 
from a one to zero binary digit results in a negative pulse. In a succession of 
like binary digits, the first bit is signified by a pulse and the remaining digits 
by a 0-volt level (figure 6-26). 

From the main memory, the 64 read head signals are routed to eight read 
switch boards which each select one signal from among eight as determined by 
flip-flop states. The eight selected signals, in turn, are applied to eight read 
amplifier boards from which one signal (from one read head) is chosen for use. 
Unless the information is being transferred from main memory to a rapid-access 
loop, this signal from the one read head is then transmitted to the B-register. 
In main-memory-to-loop transfers, information is sent from a main memory read 
amplifier directly to a loop write amplifier. 
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storage Location Selection 

The manner of selecting the specific memory location into which informa- 
tion will be recorded or from which it will be read, is the same for both commands 
and data. However, the method of selection differs somewhat for main memory 
and the rapid-access loops in that selection of a specific channel is unnecessary 
for the latter. 

Selection is acconnplished in two steps during both recording and reading. 
The initial step deternnines whether a main memory or loop location is designated. 
This action is accomplished by sensing for zero bits in the most significant 
octal digit of the memory address. If a loop designation is detected, several 
flip-flops are set accordingly to signify loop; similarly, if a main memory location 
is sensed, flip-flops are set to signify main memory and to represent the channel 
in which the location exists. The second step, identical for both main memory and 
loops, consists of selecting the word sector within the channel or loop. This 
selection is accomplished by a comparison-for-agreement between the sector 
address specified and the sector count in the origin-sector channel. When agree- 
ment occurs, the computer begins routing the signals from the B-register 
(or loop) to main memory or from main memory to the B-register (or loop). 

Writing-Computation Coordination and Timing 

Most store-into-memory operations comprise commands specifically and 
solely for that purpose. However, a few store operations (such as store address 
and store index) combine pre-processing of information with writing into memory. 
These combined operations require more complex coordination and timing than 
is necessary when only storing to ensure that the various functions are performed 
at the proper time. Both this coordination and timing are effected with the mode 
and phase control logic as directed by the operation code of the command. 

For example, in the store address command, operations are extended in the 
operand mode into phase 3 for transferring the information from memory into 
the B-register. Then, the sequence proceeds to phase 2 of the direction mode for 
transferring the contents of the A-register into the B-register. When this latter 
transfer is completed, the execute mode is entered to place the contents of the 
B-register into main memory. In this command, operation in the execute mode 
provides the additional time for storing above that needed for an ordinary store 
operation. 

Reading-Computation Coordination and Timing 

Many computer operations require reading from storage in conjunction with 
connputation and information processing. Commands involving reading combined 
with computation or processing include all fixed point arithmetic commands, the 
extract command, and the floating point arithmetic commands. Coordination and 
timing involved in these joint operations are provided by mode and phase control 
logic as directed by the operation code. 

The add command provides a typical example of combined reading -computation 
operations. In this command, operation is extended in the operand mode into 
phase 3 to transfer data from memory into the B-register, and then is sequenced 
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into phase 2 of the direction mode to determine, from the signs of the numbers, 
whether the addition command will utilize the addition or subtraction process. 
The calculation process also is started during the direction mode and is then 
completed during the execute mode, with the answer being retained in the A- 
register. In this command, a longer direction mode plus operation in the 
execute mode provides the additional time needed for the combined operation 
over that which would have been required for only reading information from 
memory into the A-register. 

COMPUTATION AND PROCESSING 

All general purpose digital computers perform many functions other than 
solving arithmetic problems; among these are the comparing, integrating, and 
converting of data of all types. As a group, these operations upon data are 
often referred to as information processing to distinguish thenn from true 
arithmetic calculations, which are frequently called computations. However, 
the latter designation is commonly applied to all operations ordered by program 
commands. 

Actual problem solution usually involves operations of both a calculation and 
processing nature. Many arithmetic calculations are performed on data previously 
processed in some manner, such as the addition of numbers changed in value 
through reversal of sign. Similarly, processing is frequently performed on the 
result of a calculation. 

Many commands of a non- arithmetic nature are utilized solely in 
handling information and directing program execution sequence. Such commands, 
for example, enter and output information, transfer control to a nonsequential 
memory location, or transfer information between loop and main memory. These 
operations, however, also are not truly information processing because no 
transformation of data occurs. 

Mathematical Calculations 

RECOMP performs all calculations, both fixed and floating point, 
through the simple processes of addition and subtraction. Multiplication and 
division are performed principally through repeated successive additions or sub- 
tractions, with other operations included as applicable to the requirements of 
the type of calculation involved. 

Addition and subtraction are carried out by an adder-subtractor circuit 
operating in conjunction with the A-, B-, and R-registers. The adder-subtractor 
circuit is composed of two flip-flops, one of which is used for registering the 
sum or difference resulting from each addition or subtraction of bits and the 
other for noting carry or borrow from each addition or subtraction. The registers 
hold the numbers involved in the calculation. 

The specific arithmetic operation desired is specified by the operation code 
and controlled by the mode and phase logic. Both the fixed and floating point 
calculations are accomplished in the same manner as in hand calculations, and 
are performed serially from least significant to most significant bit. All 
calcula^tions are accomplished through application of a number from memorv 
against another number in the A-register. The nunnber from memory is 
transferred into the B-register by the arithmetic command; the number in the 
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A-register was either placed there by a command executed prior to the arithmetic 
instruction or retained there from a previous operation. 

A general, typical example of the manner in which the computer performs 
an arithmetic calculation is provided by the add command. This command first 
causes a number to be retrieved from memory and placed in the B-register. 
Addition is then started by adding the least significant bit from each the number 
in the A-register and the number in the B-register. This addition is accomplished 
by combining signals from one flip-flop of each register in a manner determined 
by whether the bits being added are ones or zeroes. The result of this addition 
is then utilized (1) to set the sum-difference flip-flop of the adder-subtractor 
to the appropriate state, and (2) if any carry resulted, to set the carry-borrow 
flip-flop of the adder-subtractor to its appropriate state. Output of the sum- 
difference flip-flop is then transmitted to the B-register, while that of the 
carry-borrow flip-flop is applied to the subsequent addition of the next most 
significant bit from each the A-and B-registers, This add-and-carry process 
continues until all bits in the A-and B-registers have been operated upon. 
Simultaneous with the addition process, the A-register is cleared to zero to 
prepare it for receiving and retaining the result. Then when the addition of all 
bits is completed, the contents of the A-and B-registers are added to place the 
result in the A-register; this process is equivalent to replacing the zeroes in 
the A-register with the sum in the B-register. Subtraction is accomplished by 
essentially the reverse of the addition process. 

In floating point arithmetic, all calculations are performed in generally 
the same manner as in fixed point arithmetic and utilize the same processes. 
However, prior to and following the fixed point addition- subtraction phase of the 
operation, a denormalizing or normalizing (scaling) process is performed 
on the floating point numbers and result. 

Non-Mathematical Information Processing 

Most operations of the computer system are of a non-mathematical (non- 
calculation) nature. As previously indicated, these operations are of two 
general types: (1) information processing, consisting of varied manipulations 
upon data, and (2) handling and control, comprising such actions as transfer of 
information and control of program execution sequence. However, some non- 
mathematical (non- arithmetic) operations constitute or can be used for semi- 
arithmetic functions. As examples: a compare operation determines which of 
two quantities is greater, and a shift command can be used in place of multiply 
or divide when the multiplier or divisor is equivalent in value to a power of two. 
Such semi-arithmetic operations are sometimes considered mathematical 
functions to distinguish them from operations utilized for processing only, such 
as the RECOMP III Load Index command which places the address at the location 
specified into the index register. This operation is used to expedite transferring 
blocks of data from memory for classification and re-storing in separate portions 
of memory. 

Regardless of whether the information processing operations are performed 
for semi-arithmetic or genuine processing purposes, however, the majority is 
accomplished in the A-register. Usually, if the information to be acted upon is 
not in the A-register from a previous operation it is placed there by a "transfer 
data" command of some type which transfers the information from memory (or 
another register) to the A-register. The information is then acted on according 
to the operation specified (such as shifted, compared, or altered) and left in the 
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A-register. If the processed information will not be used in calculation or some 
other subsequent operation, it is then stored back into memory. 

A few non-mathematical operations utilize the R-register or both the A- 
and R-registers instead of the A-register. These operations include exchange 
contents of A-and R-registers, compare contents of A and R registers, and some 
shift commands. 

All non-mathematical operations are specified by the operation code and 
controlled by the mode and phase logic. Sequencing from one non-mathematical 
operation to another and interuse of non-mathematical operations with 
calculations are, of course, always governed by the program as established by 
the programmer. 

INFORMATION OUTPUT 

Transfer of information out of internal storage to an external device is 
accomplished in essentially the reverse of the procedure used for information 
input. Output devices may include a paper tape punch, card punch, or any other 
equipment compatible with the RECOMP computer. Selection of the device to 
receive the information is accomplished automatically by the command in the 
computer program or manually by a switch. Unlike input, however, output of 
information is only possible under computer control. 

Equipment Coordination and Timing 

Inform,ation output is always coordinated with other comiputer action and 
performed in specific, timed sequences. Immediately after entering output 
mode, the computer sends a select-and-start signal to the designated output 
device. At. essentially the same time that it selects the device, the computer 
also transfers the first character from the A-register through the output com- 
ponents to the output unit. 

After sending the first character to the output unit, the computer then 
enters into a "waiting action" while the device reproduces the character. While 
the character is being reproduced, the output device transmits a timing pulse 
to this effect to the computer. The computer then sends another select-and-start 
signal to the device to reinitiate the output process for the second character. 
This process continues until the quantity of characters specified by the command 
to be output have been reproduced by the device. 

When the last character has been reproduced, the character tally in the 
character counter initiates logic signals which cause termination of the output 
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mode according to whether the output comnmand was, respectively, the right or 
left command of a pair. 



Information Flow 

The information itself is always transmitted from the computer to the 
output device in the form of characters. However, the method of handling the 
flow of information in the computer differs slightly according to the quantity of 
characters output. If the quantity of characters to be output is less than that 
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constituting one computer word, the characters are output sequentially until 
the specified quantity is transnnitted. Output is then terminated and any 
characters remaining in the A-register are left there. When the quantity of 
characters specified to be output is greater than that comprising one computer 
word, the five characters in the A-register are output in sequence until the 
quantity specified is recorded. However, only the first five characters re- 
corded will be meaningful. 

Regardless of whether the quantity of characters output constitutes less 
or more than one computer word, the information flow^ is always from the A- 
register through the D and C (and in some instances E) flip-flops to the out- 
put device. When information to be output is not in the A-register from a 
previous operation, it is placed there from either main memory or the rapid- 
access loops by a "transfer-to-A" type command. Information transfer from 
memory to the A-register occurs via the B-register. 

Transfer of bits comprising characters occurs serially between memory 
and the B-register and from this register through the A-register to the flip- 
flops. From the flip-flops to the output device, however, the bits constituting 
one character are transmitted on parallel lines. 

A count of the number of characters output is tallied by the character 
counter portion of the G-register; this count is used in the output termination 
process . 

OPERATION EXECUTION SEQUENCE 

During execution of a program, operations continue until halted by a stop 
command in the program or the operation switch on the control console. The 
individual commands are executed one at a time in sequence, unless a transfer 
of control command causes computation to continue at a non- sequential 
location. Similarly, the individual modes and phases involved in execution of 
a command are performed in a specific sequence. Thus, progression of 
computer operations through both a computer program and the various modes 
and phases is essentially both serial and sequential. 

Serial — Parallel Progression 

Although program, mode, and phase progression takes place serially, 
some actions within phases occur in parallel. The more common types of 
actions which occur in parallel in RECOMP III include (1) examining infor- 
mation for a specific condition during a transfer of information and then setting 
a flip-flop accordingly; (2) recirculating the contents of loops and registers 
while other computer actions are in process; and (3) simultaneous copying of 
information from one register to both another register and group of flip-flops, 
such as from the G-register to the Z-register and the C flip-flops, during the 
same bit times. Specific examples of simultaneous action in RECOMP III in- 
clude such joint operations as: 

During a portion of the last word time of the Sync mode, the location counter 
is zeroed, the location counter display indicators on the control console 
are extinguished, and the digit counter is synchronized. 
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During part of phase 1 of the operand mode, while the Z-register is copy- 
ing the B-register, (I) the B-register contents are also being transferred 
to the D and C flip-flops, (2) the B-register contents are being examined 
to detect main memory or loop address, and (3) if indexing is required, 
the contents of the index register are subtracted from the contents of the 
B-register . 

Parallel action progression during connputer operations reduces the time 
required for all actions involved in an individual operation and/or enables more 
actions to be accomplished by one operation. Also reducing the time required 
for performing operations of a computer program is the capability of locating 
and transferring a pair of commands at a time fronn main nnemory or the loops to 
the B-register. 

Program ExecHtion Sequence 

Simultaneous transfer of both instructions in a command pair from memory 
to the Z-register greatly reduces the command access time from that which 
would be required for locating and transferring each instruction individually. 

Sequence of command execution in RECOMP normally is as follows, assuming 
the memory location of the first instruction to be executed has been entered into 
the location counter from the keyboard or other input device: 

The memory location specified by the location counter is selected and the 
pair of commands at that address is transferred through the B-register 
into the Z-register. Next, the command of the pair to be executed, 
which can be the left or right command, is interpreted and, if specified, 
its operand procured from memory and placed in the appropriate register. 
This command is then executed; that is, the function specified by the 
operation code is performed. 

If the command executed was the left command of a pair, the right command 
of a pair is then interpreted, its operand (if any) located and transferred 
from memory, and the command executed. However, if the command 
executed was the right command of a pair, a new pair of commands is 
located and placed into the Z-register. 

Succeeding pairs of commands are located, transferred, and executed in 
sequence coinciding with sequential advancement of the location counter 
unless a transfer of control is specified in the procrram. If a tra_.nsfer is 
encountered, the next sequential address specified by the location counter 
is placed by the non- sequential location in the transfer of control command, 
and sequential execution then resumes from the new location. 

The location counter is advanced one -half location count each time a command 
is executed. This advance occurs in half and full location count sequence until 
interrupted by a transfer to a new location. When a transfer is detected, the 
location counter is set to the new address and sequential advancement is then 
continued from the new location. 

Transfer of control occurs whenever the program contains (1) an uncondition- 
al transfer command or (2) a conditional transfer command and the conditional 
requirement is fulfilled. Both types of transfers and the accompanying changes 
in the location counter content are always performed under control of the mode 
and phase logic as established by the operation code of the command. 
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Mode 



SYNC 



EXECUTE 



INPUT 



Action Progression 



Entered from: Power application sequence. 

Phase progression: If Phase 3 entered initially, Phase 3 to 2. 

Sequences to: Phase 2 of Idle mode. 



IDLE Entered from: Phase 2 of Sync mode or Phase 4 of Display mode. 

' 4 2T. Phase progression: Phase 2 to 1. 

Sequences to: Phase 1 of Connmand mode. 



COMMAND Entered from: Phase 1 of Idle mode; or Phase 1 or 4 of Direction mode; or 

(I'.I^I,) Phase 1, 2, or 3 of Execute mode; or Phase 2 of Input mode; or Phase 2 of 

Output mode . 

Phase progression: Phase 1 to 2 to 3. 

Sequences to: Phase 1 of Operand mode. 



OPERAND Entered from: Phase 3 of Command mode; Phase 1 or 4 of Direction mode; 

(I^I,L) Phase 1, 2, or 3 of Execute mode; Phase 2 of Input mode; or Phase 2 of 

Output mode. 

Phase progression: Phase 1 only; or Phase 1 to 2 only; or Phase 1 to 2 to 3. 

Sequences to: Phase 2 of Direction mode. 



DIRECTION Entered from: Phase 1, 2, or 3 of Operand mode . 

4 2 1 Phase progression: Phase 2 only, or Phase 2 to 1 only, or Phase 2 to 4 only, 

or Phase 2 to 1 to 4, or Phase 2 to 4 to 1, or Phase 2 to 1 to 2 only. 

Sequences to: Phase 1 of Command mode; or Phase 1 of Operand mode; or 
Phase 1, 2, or 3 of Execute mode; or Phase 2 of Input mode; or Phase 2 of 
Output mode; or Phase 4 of Display mode. 



Entered from: Phase 1 or 2 of Direction mode. 

Phase progression: Phase 1 only, or Phase 2 only, or Phase 2 to 1 only, or 
Phase 2 to 3 only, or Phase 3 to 1 only, or Phase 2 of Execute mode to 
Phase 2 of Direction mode to Phase 1 of Execute mode, or Phase 2 of Execute 
mode to Phase 2 of Direction mode to Phase 2 to Phase 1 of Execute mode. 

Sequences to: Phase 1 of Command mode, or Phase 1 of Operand mode, or 
Phase 4 of Display mode. 



Entered from: Phase 2 of Direction mode. 

Phase progression: Phase 2 to 1. 

Sequences to: Phase 1 of Command mode, or Phase 1 of Operand mode, or 
Phase 4 of Display mode. 



OUTPUT Entered from: Phase 2 of Direction mode. 

4 2 1 Phase progression: Phase 2 to 1. 

Sequences to: Phase 1 of Command mode, or Phase 1 of Operand mode, or 
Phase 4 of Display mode. 



DISPLAY Entered from: Phase 4 of Direction mode, or any exit phase of Direction, 

{I'.l'^L.) Execute, Input, or Output mode . 

Phase progression: Phase 4 only. 

Sequences to: Phase 2 of Idle mode. 



Phase 1 (D' K ) Functions 
o c' 



Delay transition from Idle to Compute mode for word time. 



Transfer contents of G-register to Z-register and channel address bits into C flip-flops; 
analyze location specified by location counter to determine if command pair is in main me- 
mory or loop and establish states of flip-flops accordingly. 



If entered from Command mode: transfer command pair from B-register to Z-register; 
if indexing was ordered, subtract contents of index register from right command 
address; detect if left or right command of pair will be executed first and transfer correspond- 
ing unindexed channel address and operation code from Z-register into C and D flip-flops, 
respectively; if left command is first also transfer unindexed sector address of left command 
into left character counter; analyze address of command to be executed first to determine if 
operand is in main memory or loop and establish states of flip-flops accordingly. 

If entered from Direction, Execute, Input, or Output mode: analyze address (in Z-register) of 
second command of pair to be executed to determine if operand is in main memory or loop and 
establish states of flip-flops accordingly; transfer corresponding unindexed channel address 
and operation code from Z-register into C and D flip-flops, respectively (sector address is 
not entered into character counter. 

In Sonne commands, perform various additional special functions . 



When operation proceeds to this phase: increment location counter when not accomplished 
during phase 2; other functions performed vary according to operation specified by command 
being executed. 



Phase 2 (D' K 



Synchronize digit counter; set location count 
indicators on control console; establish stati 



Retain connputer logic in non- compute state. 



Compare command pair location sector bits 
channel and set flip-flop accordingly when aj 



When operation proceeds to this phase: if le 
register) unindexed channel address and ope 
and unindexed sector address into left chara 
re-enter (from Z-register) unindexed or ind^ 
and D flip-flops, respectively, and unindexe 
counter. 

If operand is required from memory: comp; 
with sector count in origin-sector channel ar 



Increment location counter when phase 2 onh 
to operation specified by command being exe 



Functions performed vary according to operation specified by command being executed. 



Terminate Input command. 



Terminate Output command. 



Functions performed vary according to oper; 



Enter into memory from to 128 alphanume] 
device designated by command or sw^itch on 



Output from memory from to 128 alphanum 
device designated by command or switch on 













Phase 1 (D' K ) Functions 
o c 


Phase 2 (D' K'^) Functions 


Phase 3 (D^ K'^) Functions 






Synchronize digit counter; set location counter to zero; extinguish location counter display 
indicators on control console; establish states of various flip-flops. 


If entered, none because transition to phase 2 is forced almost ir 
Sync mode . 




Delay transition from Idle to Compute mode for word time. 


Retain computer logic in non-compute state. 




ode; or 
se 2 of 


Transfer contents of G-register to Z-register and channel address bits into C flip-flops; 
analyze location specified by location counter to determine if command pair is in main me- 
mory or loop and establish states of flip-flops accordingly. 


Compare command pair location sector bits in Z-register with sector count in origin-sector 
channel and set flip-flop accordingly when agreement occurs. 


Transfer command pair located in Phase 2 from memory (main s 
during transfer determine if indexing is to be performed on right 
establish state of flip-flop accordingly. 


1 mode; 

2 of 

D 2 to 3. 


If entered from Command mode: transfer command pair from B-register to Z-register; 
if indexing was ordered, subtract contents of index register from right command 
address; detect if left or right command of pair will be executed first and transfer correspond- 
ing unindexed chEUinel address and operation code from Z-register into C and D flip-flops, 
respectively; if left command is first also transfer unindexed sector address of left command 
into left character counter; analyze address of command to be executed first to determine if 
operand is in main memory or loop and establish states of flip-flops accordingly. 

If entered from Direction, Execute, Input, or Output mode: analyze address (in Z-register) of 
second command of pair to be executed to determine if operand is in main memory or loop and 
establish states of flip-flops accordingly; transfer corresponding unindexed channel address 
and operation code from Z-register into C and D flip-flops, respectively (sector address is 
not entered into character counter. 

In some commands, perform various additional special functions. 


When operation proceeds to this phase: if left command is to be executed^ re-enter (from Z- 
register) unindexed channel address and operation code into C and D flip-flops, respectively, 
and unindexed sector address into left character counter; if right command is to be executed 
re-enter (from Z-register) unindexed or indexed channel address and operation code into C 
and D flip-flops, respectively, and unindexed or indexed sector address into right character 
counter. 

If operand is required from memory: compare operand location sector bits in Z-register 
with sector count in origin-sector channel and set flip-flop accordingly when agreement occurs 


When operation proceeds to this phase: transfer operand located 
mory (main storage or loop) to B-register. 

In some commands, perform various additional special functions. 


to 4 only, 

•de; or 
se 2 of 


When operation proceeds to this phase: increment location counter when not accomplished 
during phase 2; other functions performed vary according to operation specified by command 
being executed. 


Increment location counter when phase 2 only used; other functions perfornaed vary according 
to operation specified by command being executed. 




only, or 

to 
jf Execute 

mode . 

5de, or 


Functions performed vary according to operation specified by command being executed. 


Functions performed vary according to operation specified by command being executed. 


Functions performed vary according to operation specified by corf 


ode, or 


Terminate Input command. 


Enter into memory from to 128 alphanumeric characters as specified in command from input 
device designated by command or switch on control console. 




:)de, or 


Terminate Output command. 


Output from memory from to 128 alphanumeric characters as specified in command to output 
device designated by command or switch on control console. 




;ction, 

















Table 5-1. RE COMP III Operating Mode and Phase Functions 



Phase 3 (D K' ) Functions 
o c 



msition to phase 2 is forced almost immediately after entry into 



ated in Phase 2 frona memory (main storage or loop) to B-register; 
f indexing is to be performed on right command address and 
_ccordingly , 



this phase: transfer operand located during Phase 2 from me- 
) to B-register . 

n various additional special functions. 



Phase 4 (D K ) Functions 
o c 



ccording to operation specified by corpmand being executed. 



NOTES 

NONEXISTENCE OF LISTED FUNCTIONS IN MODES INDICATES 
UNUSED PHASES. 

OPERATION SEQUENCES IN SINGLE-CYCLE COMPUTE ARE THE 
SAME AS DURING CONTINUOUS COMPUTATION EXCEPT THAT, IN 
SINGLE CYCLE, OPERATION ALWAYS SEQUENCES TO THE IDLE 
MODE AFTER EACH COMMAND EXECUTED INSTEAD OF TO THE 
COMMAND OR OPERAND MODE. 

IN SOME OPERATIONS, A SPECIFIC PHASE IS ENTERED FOR ONLY 
ONE BIT TIME. 

THE DISPLAY MODE ACTUALLY CONSTITUTES PHASE 4 OF THE 
COMMAND MODE. HOWEVER, BECAUSE OF THE DISSIMILARITY 
OF FUNCTIONS ACCOMPLISHED, THE PHASE 4 ACTION SEQUENCE 
IS DESIGNATED DISPLAY MODE TO MORE ACCURATELY SIGNIFY 
THE FUNCTIONS PERFORMED. 

IN THE ACTION PROGRESSION COLUMN, THE WORD "ONLY" 
SIGNIFIES THAT AN OPERATION USING THAT PARTICULAR MODE 
AND PHASE PROGRESSION DOES NOT UTILIZE ALL PHASES 
APPLICABLE TO THAT MODE. 



When operation proceeds to this phase: enter new command pair address into location counter 
for transfer of control, or enter index into index register. 



Operation Deviations 



Phase entered in Sync mode can be 2 or 3 because initially D may be in either state. 



Idle mode is entered from Sync mode following power turn-on; Idle mode is entered from 
Display mode following a manual or program halt. 



Command mode is entered from Idle mode following power turn-on and after a computation halt; 
Command mode is entered from Direction, Execute, Input, or Output mode when last preceding' 
command executed is right command of a pair or a left command ordering a transfer of control. 



Operand mode is entered from Command mode whenever new command pair is transferred 
from memory to B-register; Operand mode is entered from Direction, Execute, Input or 
Output mode when last preceding command executed is left command of pair and did not 
order transfer of control. 

Phases used determined by configuration of command operation code; Phase 1 only used for 
commands not requiring operand from memory and not allowing indexing; Phases 1 and 2 only 
used for commands allowing indexing but not requiring operand from memory; Phases 1, 2, 
and 3 used for commands allowing indexing and requiring operand from memory. 

Special functions accomplished by Phase 1 are performed only during execution of some transfer 
commands; special functions accomplished by Phase 3 are performed only during execution of 
multiply, divide, and floating point arithmetic commands. 



Establish location counter display indication corresponding to new address entered into location 
counter by Halt and Transfer command; when computation is halted manually, establish location 
counter display indication corresponding to address of next command to be executed. 



Phase progression during Direction mode varies as required for performing operations 
specified by commands. 

Operation sequencing to Execute, Input, or Output mode dependent on operation required in 
command being executed; operation sequencing to Display mode caused by execution of Halt 
and Transfer command or by manual computation halt; operation sequencing to Command or 
Operand mode dependent on whether last command execution completed in Direction mode is, 
respectively, (1) right command or left command ordering transfer of control or (2) is left 
command not ordering transfer of control. 



Phase progression during Execute mode varies as required for performing operations specified 
by commands; phase progression from Execute mode to Direction mode and back to Execute 
mode occurs only in floating point add and subtract commands. 

Command mode is sequenced to when command first executed is right command or left command 
ordering transfer of control; Operand m.ode is sequenced to when commiand just executed is 
left command of pair not ordering transfer of control; Display mode is sequenced to during manual 
computation halt. 



Command mode is sequenced to when Input command is right command of pair; Operand mode is 
sequenced to when Input command is left command of pair; Display mode is sequenced to during 
manual computation halt. 



Command mode is sequenced to when Output command is right command of pair; Operand mode 
is sequenced to when Output command is left command of pair; Display mode is sequenced to 
during manual computation halt. 



Display mode is entered from Direction mode during execution of Halt and Transfer command 
or during manual computation halt; Display mode is entered from Execute, Input, or Output 
mode during manual computation halt only. 
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Section 6 
FUNCTIONAL DESCRIPTION 



GENERAL 



This section describes functional operation of the electrical and mechani- 
cal component elements of the RECOMP III computer system. The functional 
descriptions of these elements are grouped under four major categories. . 
These categories are the computer, control console, input-output chassis, 
and input-output equipnnent. 



COMPUTER 

Functional description of the computer elements is separated according 
to power supply, signal circuits, memory, control circuits, loops and reg- 
isters,, and arithmetic circuits. 



Power Supply 

The computer power supply consists of the power control circuits and 
the secondary power supplies. Section 3 briefly outlines the most important 
characteristics of the power supply. Figure 7-10 of the Service Manual shows 
the power supply interconnecting wiring. 

Computer power supplies utilized in RECOMP III may be in a basic or 
modified configuration. The basic power supply is designated by part num- 
ber 58308-501; the modified power supply by 58308-501-11. Principal dif- 
ference is that the basic power supply contains manually-controlled power and 
memory interlocks and an additional initial power relay K2, which are not 
present in the modified power supply. These additional components permit 
power to be removed frona the power supply power transformer and/or the 
magnetic memory solenoid during maintenance procedures if desired. How- 
ever, removal of these components in the 58308-501-11 power supply pro- 
duces no essential differences in power supply operation between the two units. 
Therefore, the functional description of the power supply that follows includes 
no references to the 58308-501 configuration. All power supply illustrations 
in this manual and in the Service Manual, however, include the basic power 
supply components and depict their functions. 

Power Control Circuits 



The power control circuits of the power supply switch power to other power 
supply circuits of the RECOMP III system. Power control circuits also provide 
appropriate timing for the magnetic memory starting. A 30-second time delay 
permits the memory motor to attain a nominal rotation speed of 3450 rpm before 
the memory disk is positioned. An additional 10-second time delay after disk 
positioning permits the snychronization of the logic circuits prior to computer 
operation. 
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Figure 6-1 illustrates the power distribution and timing functions of the 
power control circuits. Components applicable to 58308-501 power supplies 
are enclosed by dashed lines. The computer power supply receives 115- 
volts ac primary power when the POWER ON switch on the control console 
is depressed with circuit breakers CBl and CB2 closed. Power is directed 
to the POWER ON indicator on the control console and to the power and mem- 
ory thermostats. The power thermostat is mounted on the -18-volt power 
supply circuit board, and the memory thermostat is mounted on the memory 
housing. Each of these thermostats opens at 120 "F and closes at 105 °F to 
ensure that temperatures are under these limits for computer operation. 

Power passes through the power and memory thermostats to the relay 
power supply bridge rectifier. The -100 -volts dc output of the relay power 
supply energizes initial power relay Kl. Contacts 9 and 10 of relay Kl main- 
tain power to the relay power supply after the POWER ON pushbutton is re- 
leased. Relay Kl contacts also apply 115-volts ac power (1) to the computer 
cooling blowers, (2) to the power transformer, (3) to the memory motor, and 
(4) to 30 -second delay relay K3. The power transformer secondary windings 
supply ac power to the secondary power supplies which, in turn, supply oper- 
ating power to all other circuits with the exception of the write switches. 
These switches are inhibited by open contacts 13 and 12 of relay K6. Closed 
contacts 8 and 10 of relay K6 present a binary 1 condition to generate delay 
start signal T, which is applied to the logic circuits. Open contacts 5 and 7 
of delay relay K3 inhibit the memory solenoid to delay positioning of the 
nnemory disk. 

Relay K3 energizes 30 seconds after the injitial application of power, and 
contacts 5 and 7 close to energize the memory solenoid and memory hold re- 
lay K5. Energization of the memory solenoid attracts the solenoid plate; move- 
ment of the solenoid plate, in turn, causes the memory disk to be positioned 
near the headplate. Sector track signals from the disk then synchronize the 
computer circuits in conjunction with signal T^. Normally closed contacts 1 
and 3 of relay K5 open to de-energizc 30-second delay relay K3. Contacts 5 
and 6 of relay K5 form a holding circuit to keep the memory solenoid energized. 
The closing of contacts 12 and 13 of relay K5 energizes delay relay K4 through 
normally closed contacts 1 and 3 of relay K6 after 10 seconds. 

Relay K4 is fully energized 40 seconds after initial application of power. 
Contacts 5 and 7 of relay K4 close to energize relay K6 and illuminate the 
READY indicator on the control console. Normally closed contacts 1 and 3 
of rela-ir K6 open to de-energize delay relay K4. Contacts 5 and 6 of relay 
K5 form a holding circuit to keep the READY indicator illuminated. The closing 
of contacts 13 and 12 of relay K6 applies -3-volt power (bias) to the emitters 
of the write switch transistors. Contacts 8 and 10 of relay Kb open to remove 
signal T ,, and contacts 9 and 10 close to apply a positive voltage j.rom tx±e 
control console; this transfer inhibits the T^ gates after the synchronization 
period, and the computer is ready for operation. . 

Power is removed from the computer by depressing the POWER OFF 
pushbutton on the control console. This de-energizes all relays except Kl, 
and computer operation is inhibited. The memory solenoid de-energizes, and 
the memory disk retracts from the headplate. Discharge current from capac- 
itor C2 in the relay power supply keeps relay Kl energized for 0. 5 second 
after power is removed from the computer. The memory motor continues to 
operate, and the power transformer continues to supply power to the secondary 
power supplies for this period. 
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DISK IS ROTATING. 

ALLOW AT LEAST 15 MINUTES AFTER POWER TURNOFF 
FOR MEMORY DECELERATION BEFORE MOVING COMPUTER. 

S econdary Power Supplies 

The computer secondary power supplies provide eight dc voltages for 
operation of the computer system. Voltages from the power transformer 
secondary windings are rectified and filtered in the secondary power supplies 
before application to other circuits. All secondary power supply output volt- 
ages are regulated except the -100-volt supply and -3-volt supply (bias). Second- 
ary power supply components are mounted on six circuit boards which plug into 
Jl through J6 receptacles on the power supply chassis. 

-100 -Volt Power Supply 

The -100-volt power supply provides unregulated power to the neon driver 
circuits of the control console, and also provides a reference voltage for other 
secondary power supplies. This power supply (figure 7-14 of Service Manual) 
consists of full-wave bridge rectifier and filter. The filter is mounted on the 
filter network circuit board. A 1-ampere fuse on the power supply network 
board protects the -100-volt supply from overloads. 

-18 -Volt Power Supply 

The -18-volt power supply provides three-percent-regulated power to all 
computer logic gates and signal circuits. This power supply (figure 6-2) con- 
sists of a full-wave bridge rectifier, a filter, and a series regulating circuit. 
The rectifier circuit is mounted on the power supply network circuit board 
(figure 7-20 of Service Manual); the filter on the filter network circuit board 
(figure 7-22 of Service Manual). The regulating circuit consists of a power 
arnplifier stage, a differential amplifier stage, a driver amplifier, a current 
iimiter, and an under-voltage kickout stage. 

The differential amplifier stage is the comparison element which monitors 
the difference between the power amplifier stage output voltage and a reference 
voltage. This element receives a sample of the output voltage, compares it 
with the reference voltage, and produces a signal that is proportional to the 
difference. The driver amplifier amplifies the difference voltage and applies 
the resultant signal to the power amplifier where the output voltage is regulated 
as required. 
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Figure 6-2. -18-Volt Power Supply Block Diagram 

Current limiter and under-voltage kickout circuits provide protection 
to the computer circuits in the event of an abnormal increase in load cur- 
rent. The current limiter conducts and actuates the under-voltage kickout 
stage when the load current increases abnormally. The under-voltage kickout 
stage then disables the power amplifier stage, and power is removed from the 
computer circuits until the load current decreases to a normal value. 

Figure 7-14 in the Service Manual is the schematic of the -18-volt 
power supply. This schematic also shows the circuits for the -100- and 
-3-volt power supplies. P-n-p power transistors Q2, Q3, Q5, Q6, Q9, 
and QIO comprise the power amplifier stage. The transistors are con- 
nected in parallel in an emitter-follower configuration which is in series 
with the unregulated -18-volt output of the bridge rectifier and the load. 
Parallel configuration of the transistors provides the necessary control 
current gain, and series configuration of the control element ensures proper 
regulation for the varying load presented by the computer circuits. 

Capacitors CI and C2 filter the -18-volt power which supplies the collector 
voltage of the power transistors. Amplifier Q3 is the controlling transistor 
of the power amplifier stage. Q3 emitter is connected to the base circuits of 
amplifiers Q2, Q6 and Q9, and the emitters of the latter two amplifiers are 
connected to the base circuits of amplifiers Q5 and QIO, respectively. The 
enaitter potential of Q3 is then the controlling factor in the conductivity of 
the other five power amplifier stage transistors. 
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Driver amplifier Q7 in turn controls Q3 in the same manner that the latter 
controls the power amplifier stage. Q7 is a d-c amplifier with the emitter 
connected to the base circuit of Q3 , Q7 amplifies the difference voltage from 
the comparison element to a level sufficient to drive the control transistor. 

Differential amplifier transistors Q4 and Q8 form the comparison ele- 
ment of the regulating circuit. The flow of Q8 collector current through re- 
sistors Rl and R4 establishes the base potential of Q7 by varying the unreg- 
ulated voltage from the -100-volt supply. The comparison element then 
indirectly controls the conductivity of each transistor in the regulating circuit 
with the exception of the current limiter and the under-voltage kickout 
transistor. 



Conduction of the differential amplifier is determined by the relative 
base potentials of Q4 and Q8. The two transistors have a common bias resis- 
tor in the emitter circuits, and, with equal negative base potentials, their con- 
duction is equal. Emitter current through bias resistor KB will be 
equally divided between Q 4 and QB. Any change in the conduction of 
either transistor results in an equal and opposite change in the conduction 
of the companion transistor. The value of emitter current through R8 
will then remain constant regardless of any variation in the base potentials 
of Q4 and Q8. If the base potential of one transistor is held at a constant 
negative value, a varying negative voltage applied to the base circuit of the 
companion transistor will become the controlling factor in the conduction 
of both Q4 and Q8. 

Zener diodes CRZ and CR3 form the reference element of the regulating 
circuit. The reference element diodes are connected between the output of 
the power amplifier stage and ground, and supply a constant -12.4-volts 
potential to the base of Q4. Each diode provides a 6.2-volt drop under break- 
down and is connected in a configuration that ensures a constant reference 
voltage regardless of load current variations and environmental temperatures. 
In this configuration, each diode is actually composed of a breakdown 
diode and a forward-biased diode connected in series. As the load current 
and environmental temperature vary, the opposite tenaperature coefficients 
of the two diodes tend to cancel, and the inherent resistance remains practi- 
cally constant. The series connection of CRZ and CR3 provides further tem- 
perature compensation by reducing the total resistance which would be pre- 
sent if only one diode were utilized. This configuration of the reference 
element ensures a constant reference voltage over a wide temperature range. 

Potentiometer R15 and resistor R16 form the sampling element of the 
regulating circuit. A small portion of the power amplifier stage output volt- 
age is applied to the base circuit of QB through the adjustable contact of R15. 
The differential amplifier is set to the equilibrium state by adjusting poten- 
tiometer R15 for a value of sample voltage proportionate to the reference 
voltage at the base of Q4 which provides the required -18-volt output. Cur--- 
rent through R8 is then a combination of the emitter currents of both Q4 
and Q8. Any difference between the output voltage and the reference voltage 
then appears at the base circuit of Q8. The differential amplifier then amplifies 
the difference voltage and applies it to the driver amplifier as described. Cap- 
acity multiplier C6 is connected between the output voltage and the base of QB to 
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improve the gain characteristics of the amplifier. C7 is connected across 
the output terminals to improve ripple suppression and reduce the effects of 
transient signals from the load. 

Assunaing that the output voltage increases above the normal -18-volt 
value, C6 couples the negative increase to the base of Q8. The conduction 
of Q8 increases, but as the emitter potential starts to decrease negatively, 
the conduction rate of Q4 decreases and the total emitter current remains 
the same. The increase in Q8 collector current drives the base potential 
of Q7 in a positive direction, and the increased conduction of the driver 
amplifier reduces the base drive to control transistor Q3. As the con- 
duction of Q3 decreases, the emitter potential of the other power transistors 
becomes more positive, their conduction decreases, and the output voltage 
decreases accordingly. When the output voltage decreases to the normal -18- 
volt value, n o difference voltage is present at the base of Q8, and the diff- 
erential amplifier resumes the equilibrium state. A decrease in the output 
voltage results in reverse operating conditions for the circuits just described. 
Periodic adjustment of potentiometer R15 corrects variations in the 'Output 
voltage due to changes in circuit paranneters. 

The current limiter and under -voltage kickout stages are normally in- 
operative until the load current increases abnormally. Current limiter Qll 
is held at cutoff by a bias developed across diode CR4, a "stabistor" which 
maintains a relatively constant 0.65 voltage drop for various current amp- 
litudes. CR4 is forward-biased by the negative output voltage and holds the 
Qll emitter at a more negative potential than the base for values of load 
current below those indicated. When the load current increases to the ab- 
normal value, the voltage drop acress R18 is sufficient to overcome the bias 
the Qll conducts. Conduction of Qll reduces the base drive to control tran- 
sistor Q3, and the output voltage decreases. 

Under-voltage kickout transistor Ql is normally held at cutoff by a bias 
voltage developed across Zener diode CRl in the base circuit. CRl holds 
the base potential of Ql at -15 volts, and the transistor is cut off with the 
emitter at the normal -18-volt potential of the output voltage. When the out- 
put voltage decreases to -15 volts due to the action of the current limiter, 
Ql conducts and further reduces the base drive to Q3. As the output voltage 
continues to decrease, the action becomes regenerative and Ql conducts 
harder until all base drive to Q3 is cut off. Output voltage falls to zero, 
and the computer circuits become inoperative. Operation of the computer 
is inhibited until the source of the overload is removed. Power to the com- 
puter must be removed and then restored before the regulating circuit will 
return to normal operation. 

Capacitor C4, in conjunction with R2, provides a long-time constant 
charge path which prevents the activation of the under-voltage kickout stage 
when power is initially applied to the regulating circuit from the -100-volt 
source. Capacitor C3, in conjunction with Rl, delays the application of a 
large negative voltage to the base of Q7 until the regulating circuit reaches 
equilibrium after power turn-on. Without this power delay circuit, Q7 would 
remain cut off and Q3 would go into saturation from the high negative base 
voltage supplied from the -100-volt source across R3. The current limiter 
would then conduct as a result of this condition and activate the under-voltage 
kickout stage. 
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Marginal testing of the -18-volt power supply is possible through the 
application of a variable voltage from the system tester. The test voltage 
is applied across R17 to the base circuit of Q4. Any change in the conduc- 
tion of Q4 due to a change in bias voltage produces an equal and opposite 
change in the conduction of Q3 . 



-12- Volt Power Supply 

The -12-volt power supply provides three-percent-regulated power to 
the logic flip-flops, clock, read and write amplifier, and read switching 
circuits. This power supply (figure 6-3) consists of a full-wave bridge 
rectifier, filter, and a series regulating circuit. The rectifier circuit is 
mounted on the relay control circuit board, the filter circuit on the power 
supply network circuit board, and the regulating circuit on the -12-, +75- 
volt secondary power supply. 

Configuration of the regulating circuit is the same as that of the -18- 
volt power supply except for variations in the number and value of some cir- 
cuit components. Operation of the -12-volt regulating circuit is similar to 
that of the -18-volt regulating circuit. 
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Figure 6-3. -12-Volt Power Supply Block Diagram. 
-6 -Volt Power Supply 

The -6-volt power supply provides three-percent-regulated power to the 
logic flip-flop, clock, and read amplifier circuits. This power supply (fig- 
ure 6-4) consists of a full-wave bridge rectifier, filter, and a series regu- 
lating circuit. The rectifier circuit is mounted on the relay control circuit 
board, the filter on the power supply network circuit board, and the regula- 
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ting circuit on the +6-, -6-, +0.75-volt secondary power supply. 

Configuration of the regulating circuit is the same as that of the -18- 
volt power supply except for variations in the number and value of some 
circuit components. Operation of the -6-volt regulating circuit is similar 
to that of the -18 -volt regulating circuit. 
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Figure 6-4. -6-Volt Power Supply Block Diagram 
+6 -Volt Power Supply 

The +6-volt power supply provides three-percent-regulated power to the 
logic flip-flop, read and write amplifier, read switching, and clock circuits. 
This power supply (figure 6-5) consists of a full-wave bridge rectifier, filter, 
and a series regulating circuit. The filter is mounted on the power supply 
filter network circuit board, and the remaining circuits are on the +6-, -6-, 
+0.75-volt secondary power supply. 

Configuration of the regulating circuit is the same as that of the -18- 
volt power supply except that the under-voltage kickout stage is eliminated. 
There are also variations in the number and value of some circuit compo- 
nents. Operation of the +6-volt regulating circuit is similar to that of the 
-18-volt regulating circuit in compensating for load variations. 

+ 75-Volt Power Supply 

The +75-volt power supply provides three-percent-regulated power to 
the clock circuits. This power supply (figure 6-6) consists of a full-wave 
bridge rectifier, filter, and a series regulating circuit. The filter is mounted 
on the power supply filter network circuit board, and the remaining circuits 
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are on the -12-, +75-volt secondary power supply. 

Configuration of the regulating circuit is in the same as that of the -18- 
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Figure 6-5. +6-Volt Power Supply Block Diagram. 
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Figure 6-6. +75-Volt Power Supply Block Diagram. 
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volt power supply except that the under-voltage kickout stage is eliminated. 
There are also variations in the number and value of some circuit compo- 
nents. Operation of the +75-volt regulating circuit is similar to that of the 
-18- volt regulating circuit in compensating for load variations. 

-3 -Volt Power Supply 

The -3-volt power source, mounted on the -3-, -18-, -100-volt secondary 
power supply, provides bias potential to the write switching circuits and to 
transistors that function as switches for the indicator lamps on the control 
console. This power supply (figure 7-14 of Service Manual) consists of three 
identical diodes series-connected between power ground and the emitters of 
the 64 information channel write switching transistors. Relay K6 controls 
the initial application of -3-volt power to the write switches (refer to Power 
Control Circuits in this section). Current through the diodes occurs only 
when one of the write switches conducts through the write head circuits. Each 
of the diodes has a nominal 1-volt drop under load. 

+0.75-Volt Power Supply 

The +0.75-volt power supply, mounted on the +6-, -6-, +0.75-volt sec- 
ondary power supply, provides five-percent-regulated power to the read switch- 
ing driver circuits. This power supply (figure 6-7) consists of a power ampli- 
fier and a voltage control amplifier. The power amplifier carries the major- 
ity of load current, and the voltage control amplifier controls the conduction 
of the power amplifier. Any change in the output voltage effects a change in 
the voltage amplifier base bias. The resultant increase or decrease in volt- 
age amplifier collector current varies the power anaplifier base bias to pro- 
duce a change in the output voltage to compensate for load variations. 
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Figure 6-7. +0.75-Volt Power Supply Block Diagram. 

Signal Circuits 

The computer signal circuits provide basic timing and gating, perform 
arithmetic and logic computations, store information, and supply necessary 



6-11 



voltage and current amplification. Some of these circuits also control the 
transfer of information between the input-output equipment and the computer. 

Block diagrams and simplified schematics accompany the functional de- 
scriptions of signal circuits in this section. Complete schematics of the sig- 
nal circuits are contained in the Service Manual. 



Clock Circuits 

The clock circuits shape and amplify the clock signal which synchronizes 
all computer operations (refer to Timing Control in this section). These cir- 
cuits consist of Clock Power Amplifiers No. 1 and No. 2, Figure 6-8 illus- 
trates the major functions of the clock circuits; figure 6-9 shows typical 
clock circuit waveforms and voltage levels. 

Clock Power Amplifier No. 1 

The clock power amplifier No. 1 circuits provide two outputs. One out- 
put is a square-wave clock signal which goes to clock power amplifier No. 2 
for further amplification. The second output is an inverted clock signal, the 
strobe, which goes to the computer read amplifiers to gate memory reading 
(figure 6-8). 
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Figure 6-8. Clock Circuit Block Diagram. 

Input to clock power amplifier No. 1 is a 4. 5-volt peak-to-peak sine wave 
from the preamplifier section of the clock read amplifier (figure 6-9), This 
signal is applied to the base of first limiter stage transistor Ql(refer to schems 
in Service Manual). On the positive portion of the input cycle, Ql is cut 
off. The emitter-base circuit of Q2 is then forward-biased, and Q2 con- 
ducts. Q2 collector voltage decreases to -2 volts. On the negative portion 
of the input cycle, Ql conducts heavily. Ql collector current clamps the QL 
and Q2 emitter circuits to -12 volts, and Q2 cuts off. Q2 collector voltage 
increases to - 1 1 volts as C2 discharges through R3. Output of the first lim- 
iter stage is approximately a square wave, alternating between -2 and -11 volts. 
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Figure 6-9. Clock Circuit Waveforms 
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The second limiter stage consists of Q3 and Q4, and circuit operation is 
identical to that of the first limiter stage. Q4 collector voltage alternates be- 
tween -4 and -IZ volts. 

A multivibrator trigger circuit shapes the square-wave output of the sec- 
ond limiter stage into a negative trigger. Q7 is normally biased to cutoff by 
diode CR3. C5 and R13 form a short-time constant circuit which differenti- 
ates the square-wave output of the second limiter stage into positive and nega- 
tive voltage pulses. The positive transition of the differentiated square -wave 
drives Q7 into conduction. Q7 collector voltage decreases from 9 to 6 volts, 
and this negative transition forms the trigger for the following stage. 

A one-shot multivibrator establishes the time duration of the clock pulse. 
Application of the negative trigger pulse from Q7 drives Q8 into conduction, 
and its collector voltage goes positive from -18 to +6 volts. C6 and C8 
couple this positive pulse to the base of QIO (diode CR8 is reverse-biased at 
this time). QIO cuts off, and its collector voltage goes from +6 to -6 volts. 
Diode CR8 disconnects the base of QIO from the timing circuit when the posi- 
tive pulse disappears. QIO collector voltage is obtained from a voltage divid- 
er network composed of R19 and R23. The +6 volts at TP5 is one leg of the 
divider; the -18-volt supply is the other. C6, R17, and R20 determine the 
time that QIO is cut off, and thus the pulse duration of the negative portion 
of the square-wave output. Potentiometer R17 adjusts the multivibrator out- 
put for the required 1. 75-microsecond pulse duration of the negative portion. 

The one -shot multivibrator circuit incorporates several provisions to 
improve multivibrator switching and stability. Diodes CR4, CR6, CR7, and 
CR8 assure non- saturable operation by maintaining collector voltages at a 
greater value than the base potentials. Q9 speeds the return of the multi- 
vibrator to its stable state by supplying an additional positive voltage on the 
emitter of QIO as it begins to conduct due to the discharge of C8. Returning 
the base of QIO to the -18-volt supply through R17 ensures greater multivi- 
brator frequency stability. 

C9 and CIO couple the square-wave output of the one- shot multivibrator 
to the bases of Qll and Q12, respectively. Qll is a power preamplifier, and 
Q12 functions as a capacity discharger. Qll is in a quiescent state with +6 
volts on the base across R30 prior to the triggering of the multivibrator. 
When QIO cuts off to establish the time duration of the negative portion of the 
clock pulse, the negative increase in collector voltage triggers Qll into con- 
duction. Qll collector voltage decreases from -12 volts to approximately 
zero, and this positive transition back-biases CR12 at the Q12 emitter to 
keep Q12 cut off even v/ith the negative pulse from. QIO present at the base. 
Current flow through R24, CRIO, and R25 keeps Qll in conduction for the 
same interval that QIO is cut off. 

When the multivibrator reverts back to its stable state and QIO again 
conducts, the positive transition present at the QIO collector cuts Qll off. 
As QIO collector voltage goes negative, CR12 conducts and applies the nega- 
tive transition to the Q12 emitter. This negative voltage, in coincidence with 
the negative voltage coupled to the Q12 base by CIO, triggers Q12 into con- 
duction. QI2 conduction rapidly discharges the load capacity that shunts R26. 
The load is composed of power amplifiers Q15 through Q18. Thus, Qll am- 
plifies and inverts the one -shot multivibrator output signal, and Q12 improves 
the fall time of the waveform trailing edge. 
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The positive pulse generated by Ql 1 is applied to four clock power ampli- 
fiers and a strobe amplifier connected in parallel. These amplifiers are nor- 
mally cut off, and conduct upon application of the signal from Qll. The 
clock power amplifiers' paralleled output is a +6- to -6-volt pulse which fur- 
nishes the input to clock power amplifier No. 2. The strobe amplifier out- 
put is a +6- to -12-volt pulse which furnishes the input to the computer read 
amplifiers, 

Q13, Q14, and Q20 function as capacity dischargers in a manner similar 
to that already described for Q12. These transistors conduct when the power 
amplifiers and the strobe amplifier cut off, and discharge the load shunt capac- 
itance to improve the trailing edge characteristics of the clock pulse and the 
strobe pulse. 

Clock amplifier No. 1 circuit board contains two special circuits used in 
marginal testing of the computer. A jitter circuit produces jitter of the clock 
pulse for computer functional tests; single-cycle clock circuit produces single 
clock pulses for computer static tests. The system tester contains the opera- 
ting controls for these circuits (refer to Sections 2 and 4 of the Service Manual 
for test procedures and operating instructions). The circuit descriptions that 
follow are of those components located on clock amplifier No, 1 circuit board 
which are used specifically in conjunction with the system tester control circuits. 

Jitter control amplifier Q5 is normally conducting with the base held at 
ground potential in respect to an emitter potential of -6 volts. Negative pulses 
with an amplitude of to -12 volts are applied from flip-flop C. through CR 1 , 
C3, and R4 to the base of Q2 in the first limiter stage. With ni control volt- 
age applied to the base of Q5, these C. pulses have no effect upon Q5 conduc- 
tion. When a control potential of -25 volts is applied to the Q5 base from the 
system tester, Q5 cuts off and its collector potential follows the amplitude 
variations of the C. input pulses. C3 couples the -12-volt pulse to the base 
of Q2, and this input alternately triggers Q2 in conjunction with the clock 
pulses. These simulated clock pulses developed in the first limiter stage 
establish bunched pairs oT pulses in the clock power amplifiers. The spac- 
ing (jitter) between the bunched pairs is controlled by potentiometer R4. 

Q6 is the single-cycle clock trigger, and is nornrially held at cutoff by a 
-25-volt potential at the base applied from the system tester. With Q6 in a 
quiescent state, the collector potential is -12 volts. A negative trigger is 
applied from the systemi tester to produce the single-cycle clock pulse. Q6 
conducts when the trigger is applied, and the collector potential rises to 
approximately zero volts. C5 and R13 differentiate this positive pulse and 
apply it to the base of the multivibrator trigger Q7. As a result, the one- 
shotmultivibrator generates a single-clock pulse which is transmitted to the 
comiputer logic gates to test logic gates one at a time. 

Clock Power Amplfier No. 2 

Clock power amplifier No. 2 provides the final current amplification nec- 
essary to drive the computer logic gates. The circuit consists of 20 power 
amplifiers, Ql through Q20, connected in parallel (refer to schematic in 
Service Manual). The amplifiers are normally cut off with +6 volts on the 
bases and the emitters at ground potential. Diodes CR12 through CR21 
clamp the collectors to -6 volts. 
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On application of the +6- to -6-volt pulse from clock power amplifier No. 
1, the amplifiers conduct, and collector output potential goes from -6 volts 
to approximately -0.5 volt. Pulse durations of the negative and positive por- 
tions of the square-wave output are established by the one-shot multivibrator 
described under clock power amplifier No. 1. The negative portion is 1.7 5 
microseconds, and the positive portion is 4.62 microseconds. Thus, the 
clock pulse and the strobe pulse are 180 degrees out of phase with each other. 
The positive transition of the clock pulse establishes the timing for all com- 
puter logic circuits. 

Resistors Rl through R17, R19, R20, R23, and R25 balance the currents 
in the parallel-amplifier configuration. Diodes CR5 through CRIO are anti- 
saturation devices. Q21, Q22, and Q23 constitute capacity discharge circuits 
similar to that described under clock power amplifier No. 1. Diodes CRlli 
CR22, and CR23 ensure that the capacity dischargers cut off when bases and 
emitters are at the same -12-volt potential. 

Logic Circuits 

A standard RECOMP III computer chassis contains 38 logic network cir- 
cuit boards which are identical in configuration and function. Each logic net- 
work circuit board contains 14 available gates, the functioning of which is de- 
scribed in this section. Circuit functions of the 11 "and" gates located on each 
of the six logic driver circuit boards are identical to that for "and" gates 
described in this section. 

The RECOMP III computer chassis is also wired to accept other types of 
logic circuit boards for use with special input-output equipment or to provide 
floating point arithmetic capability. K a 12-channel card reader-punch input- 
output unit is used with RECOMP III, or if other optional devices using frorn 
9- to 12-channel input and/or output are operated with the computer, a special 
extended register logic circuit board is plugged into receptacle J317 of the com- 
puter chassis along with an additional standard flip-flop circuit board at re- 
ceptacle J327. When the RECOMP lU computer is equipped with floating point 
arithmetic capability, eight additional special floating point logic circuit 
boards are plugged into receptacles J318 through J325 of the computer chassis, 
along with an additional standard flip-flop circuit board at receptacle J328. 
The special extended register and floating point logic circuit boards contain 
the same type of logic gates as those of the 38 standard logic network circuit 
boards; however, the physical arrangement of the gates and components 
varies on the extended register and each of the floating point logic boards 
from that on the standard logic network boards. A schematic of the extended 
register logic board is shown on figure 7-52 of the RECOMP m Service Manual; 
a typical schematic and parts location diagrams of the eight floating point 
logic circuit boards are shown on figures 7-45 through 7-51 of the RECOMP III 
Service Manual. 

Functional description of the logic circuits contained in the following 
paragraphs applies to those gates which are typical to all logic circuit boards 
in the RECOMP II and UI computers. 

A number of logic gates are located on each logic circuit board. The 
gates are groups of diodes connected in various circuit configurations to con- 
trol transmission, storage, selection, and computation of data within the 
computer. Several inputs may be utilized in a gate, but there is always only 
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one output. Signals applied to the diodes at each input control the operation of 
the gate. A gate is said to be enabled when a given number of inputs produces 
an output, and is said to be inhibited when a given number of inputs results in 
no output. In RECOMP conaputer logic circuits, "and" gates are enabled when 
all input signals are at approximately -12 volts, and "or" gates are enabled 
when one or nnore input signals are at approximately -12 volts. 

Internal computer operation uses the binary system, and computer data 
is in the fornn of binary-1 and binary-0 digits (refer to Internal Information 
Formats in section 2) . Outputs of logic flip-flops are used to represent 
binary quantities which are employed in the computer to enable or inhibit 
logic gates and control other circuit functions. Generation of the signals 
which represent computer binary information is described in this section in 
analysis of the logic flip-flop circuits. 

In logic notation, such as that used in section 7 of this manual and in sec- 
tion 6 of the Service Manual, the diodes of a gate are represented by signal 
terms rather than by the component identifications, and all terms representing 
both the input and output diodes of a gate are commonly referred to as a logic 
equation. 

"And" Gate 

The "and" gate has the characteristic of producing a true output signal 
only when all the input signals to the gate are true. Thus, the "and" gate out- 
put signal is the Boolean product of the input signals, and the "and" gate symbol 
is identified by the multiplication sign. View a of figure 6-10 illustrates a 
typical three-input "and" gate. CRl, CR2, and CR3 are the "and" diodes and 
CR4 is the disconnect diode (sometimes referred to as the "or" diode). The 
input signals are applied to the "and" diodes, and the output signal is taken 
from the disconnect diode. 

The diode cathodes are connected together through a common load resistor 
to the -18-volt supply. Conduction of the "and" diodes controls the bias and 
conduction of the disconnect diode. The voltage level of the input signals, in 
turn, controls the bias of the "and" diodes. When all input signals are true 
(-12 volts), bias of the "and" diodes is equalized, and conduction of these diodes 
is effectively cut off. The disconnect diode then conducts heavily to produce a 
true output signal, the current path of which is from the -18 -Volt supply through 
the load resistor. When one of the input signals is false (-0.5 volt) and the 
remaining signals are true, the "and" diode with the false input has the greatest 
potential difference between anode and cathode. The false input diode conducts 
heavily and becomes the controlling factor in the circuit. Cathode potential 
rises to the -0.5-volt amplitude of the false input signal and back-biases the 
true input diodes to cutoff. The disconnect diode conduction is negligible and 
results in a false output signal. When all input signals are false, "and" diode 
conduction is equal which inhibits the gate by back-biasing the disconnect 
diode to -0.5 volt. 
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"and" gates and one or more secondary "and" gates. The output of a primary 
gate constitutes one of several inputs to each of the secondary gates. A true 
or false output from the primary gate combines with other secondary gate 
inputs to enable or inhibit the secondary gates as previously described. To 
drive approximately 60 or more gates of RECOMP III computers, a logic 
driver circuit is utilized to amplify the flip-flop output drive current before 
application to "and" gates (refer to Logic Driver in this section), 

"And-and" gate output signals are also the Boolean produce of the input 
signals as shown in figure 6-10, view b, and the circuit symbol for each pri- 
mary and secondary gate is the same as that for the "and" gate. 
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Figure 6-10, Typical Logic Gates a,nd Symbols (Sheet 2) 



'Or" Gate 



The "or" gate has the characteristic of producing a true output signal if 
one or more of the input signals is true. View c of figure 6-10 illustrates a 
typical three-input "or" gate. CRl, CR2, and CR3 are the "or" diodes, and 
CR4 IS the series "or" diode. The anodes of the "or" diodes are connected 
together in the circuit and in series with the series "or" diode. The series 
"or" diode anode is connected through a load resistor to the f6-volt supply. 

As illustrated in figure 6-10, view c, when one input signal is false, the 
false input diode does not have the greatest potential difference between anode 
and cathode as in the "and" gate previously described. The true input diodes' 
conduction is greater, and they become the controlling factors in the circuit. 
Potential at the anodes drops to the -12-volt amplitude of the true input signals 
and back-biases the false input diode to cutoff. The true -input diode and 
series "or" diode then conduct heavily to produce a true output signal. When 
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all input signals are true, "or" diode conduction is equal and the gate is enabled 
in a like manner. Only when all input signals are false and the potential at the 
series "or" diode cathode rises to -0.5 volt, is the gate inhibited to produce a 
false output signal. 

The "or" gate output signal is then the Boolean sum of the input signals 
as shown in figure 6-10, view c, and the "or" gate circuit symbol carries the 
addition sign. 

"And-Or" Gate 

An "and-or" gate is a combination of "and" and "or" gates connected to 
combine input signals of "and" gates and conduct the true -level output of one 
or more enabled "and" gates. The typical "and-or" gate shown in view d of 
figure 6-10 consists of two "and" gates and an "or" gate. The individual gates 
function as previously described for the two different types of gates. A true 
output from either "and" gate results in a true output from the "or" gate. 
Only when both "and" gate output signals are false does the "or" gate produce 
a false output. 

The "and-or" gate output signals are the Boolean product and sum of the 
input signals as shown in figure 6-10, view d, and each "and" gate and "or" 
gate has a separate circuit symbol as previously described. 

Logic Network Circuit Boards 

All of the types of logic gates covered in the foregoing functional des- 
cription are located on the basic logic network circuit boards. However, some 
logic gate components for signals entering or leaving a particular logic circuit 
board naay not all be mounted on the same circuit board. 

On the schematic of the basic logic network board (Service Manual), 
connector PI, pin 1 provides the -18-volt supply for each circuit board, and 
Rl through R14 are the gate load resistors. The diodes are all of the samie 
type, and their function in a particular gate depends upon the method of 
connection on the circuit board and at the receptacles in the computer. 

Diodes CRl through CR9 form an eight-input "and" gate with the output 
at Pl-14 on the schematic. CRl is the disconnect diode, but any of the other 
diodes may also serve this function if required, depending upon the wiring at 
the connector. The "and" gates may be portions of "and-and" or "and-or" 
gates which have their remaining components located on other circuit boards. 
Diodes CR17 through CR28 form an "and-or" gate with CR22 and CR23 as the 
"or" portion of the gate. The series "or" diode in this instance is located on 
another circuit board. Each logic network board also contains one series "or" 
diode (CR40) which may be used to combine the outputs of other gates. 

Diodes CR34 through CR38 and CR39 through CR43 form two "and" gates 
with a common input at P2-6. With the two "and" gate outputs connected to 
CR40 as shown on the schematic they form an "and-or" gate. 
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Logic Flip-Flop Circuits 

RECOMP II system contains 42 logic flip-flop circuit boards, and the 
basic RECOMP III system, 11. One additional logic flip-flop board is used in 
RECOMP III when the computer is equipped with the optional floating point 
arithmetic capability; another is added to formi the extended input -output 
register when RECOMP III computer includes this optional item (refer to 
section 3) . 

Each logic flip-flop circuit board contains four identical logic flip-flop 
circuits. The circuit employed for each flip-flop is basically an Eccles -Jordan 
type bistable multivibrator with an amplifier stage integral to each output of 
the flip-flop. Nonsaturable operation of the flip-flop transistors is controlled 
by low-dissipation, high-speed, base-to-collector clamping circuits. 

A logic flip-flop is fundamentally a memory element and is used in the 
computer as an information storage device . with fast information transfer 
capability. Principal characteristics of the RECOMP logic flip-flop circuit 
which make it useful for computer application as a memory element are: 

1. Two stable operating states. 

2. Positive internal regenerative action which instantaneously carries 
the circuit from one state to another. 

3. Circuit switching action which is designed to deliver nnaximum gain 
to the conducting transistor during regeneration process and simul- 
taneous turn-off action to the transistor stage being driven to a non- 
conducting state. 

4. Ability of the circuit to remain in a stable state, that is, retain (remember) 
information for an arbitrary length of time when no trigger pulse is 
applied. 

The two stable operating states of computer logic flip-flops are termed 
1-set state ("true-level" unprimed output) and 0-set state ("true-level" 
primed output). Refer to figure 6-11. In RECOMP computer logic a "true- 
level" signal has a potential of approximately -12 volts and a "false -level" 
signal is just below circuit ground at -0. 5 volt. When a logic flip-flop is in a 
1-set state, the unprimed output signal is at -12 volts and the primed output 
is at -0.5 volt. The converse is true when the flip-flop is in a 0-set state. 
Both output voltage levels are used in logic application. The -12-volt output 
is used to trigger other flip-flops or to enable logic gates, while the -0.5- 
volt output is used to inhibit flip-flops and logic gates. 

The two voltage levels at the outputs of the flip-flop power amplifiers 
are applied in connputer logic to represent binary ones and binary zeros. A 
1-set state of the flip-flop circuit produces a binary-one condition at its un- 
primed output. When the flip-flop is 0-set, a binary-zero condition is pro- 
duced at its primed output. The state of a flip-flop circuit remains unchanged 
until caused to change to the opposite state by application of appropriate input 
signals to the corresponding side of the flip-flop. 

Logic flip-flops function singly or in comibination with other flip-flops and 
gates in the computer as elements for information storage and transfer. 
Computer functional capabilities and operations in which logic flip-flops are 
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employed include: (1) extension and utility of the connputer memory, (2) 
computer operation and mode selection, (3) data comparison, (4) arithmetic 
computation, and ( 5) selection of auxilliary input-output equipment when these 
units are operated in conjunction with the computer. 
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Figure 6-11. Logic Flip-Flop Block Diagram. 



Flip-Flop Circuit Operation 

Flip-flop circuit elements and their operation (figures 6-11 and 6-12) are 
symmetrical in configuration. Components of the 1-set side of the circuit are 
a mirror image (identical in value and method of circuit connection) of the 
0-set side of the circuit. Difference of the two sides of the flip-flops lies 
only in its state of operation as determined by which side of the circuit re- 
ceives a trigger pulse. The one exception to the circuit symmetry is that 
the 1-set side has an external connection for an input signal through a re- 
sistor (R6 on figure 6-12) which is used for testing purposes in forcing the 
flip-flop to change its state. 

Operation of a typical flip-flop is illustrated in figure 6-11, The 1-set and 
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to the respective sides of the flip-flop circuit. A true-level input at the 1-set 
side and near ground condition at the 0-set input, causes the flip-flop to 
become 1-set during the true-to-false transition of the clock pulse. The un- 
primed output is approxinaately -12 volts, and the primed output is at -O.b 
volt . A true-level input signal present at the 0-set input with near ground 
condition at the 1-set input causes the flip-flop to become 0-set during the 
true -to-false transition of the next clock pulse. In this state, the primed out- 
put signal is at approximately -12 volts, and the unprimed output amplifier 
conducts at near ground potential producing a false level output at -0.5 volt. 

Figure 6-12 is the simplified schematic diagram of a logic flip-flop circuit. 
Q2 and Q3 are the flip-flop 1-set and 0-set n-p-n junction transistors which are 
connected in common emitter configuration. The collector of each transistor 
is cross coupled by an r-c network to the base of the other which provides 
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regenerative paths for the circuit to change state. Outputs of Q2 and Q3 supply 
the base drive current for p-n-p transistor amplifiers Q4 and Ql respectively. 
The flip-flop change of state is caused by a trigger pulse which is developed 
at the input timing circuit of the corresponding flip-flop base drive network. 
( Generation of the trigger pulse is described in this section under the heading, 
Flip-Flop Timing Circuits.) The following circuit analysis describes voltage 
development paths of each flip-flop stable state and the voltage changes which 
occur during the change -of -state and regenerative process. 
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Figure 6-12. Logic Flip-Flop Simplified Schematic 
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Figure 6-14. Logic Flip-Flop Waveforms 
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If the flip-flop is in a 0-set state, Q3 is conducting and Q2 is cut off. 
Transistor Q3 is in a positive -biased condition with its emitter at -6 volts, 
its base at approximately -5.7 volts, and its collector at approximately -5.5 
volts. Transistor Q2 is in a negative-biased condition with its emitter also 
at -6 volts and its base equal to, or slightly more negative than, -6. 5 volts. 
The negative voltage at Q2 base is produced by the combination of voltages 
applied across R8 from the -l2-volt supply and across R7 from Q3 collector 
output. Q2 collector voltage is fO,5-volt. This voltage, applied across R9 
in conjunction with the -12-volt supply across RIO to the base of Q3, maintains 
a positive bias at Q3 which keeps it conducting in the 0-set state. 

P-n-p output amplifier transistors Ql and Q4 are connected in a common 
grounded-emitter configuration (figure 6-12). With the flip-flop circuit in 
a 0-set state, the -5.5 volts at Q3 collector is applied through R4 to the base 
of Ql, dropping the base potential negative in respect to its emitter. In this 
negative -biased condition, Ql conducts, producing a -0.5-volt potential at 
the unprimed output. Meanwhile, the base-to-emitter potential of Q4 
amplifier is at a positive bias with respect to Q4 collector. In this state, Q4 
is cut off, with its collector remaining at approximately the -12-volt potential 
of the supply across R15. 

The flip-flop changes to the 1-set state when triggered by a f6-volt pulse 
applied to the base of Q2 (provided an equivalent trigger pulse is not applied 
simultaneously to the base of Q3). Capacitors C3 and C2 act as commutating 
couplers from the collector of one transistor to the base of the other, and 
improve switching time between stable states. This regenerative action 
provides maximum gain to the triggered transistor, and simultaneous turn-off 
action to the transistor being driven to the non-conducting state. 

When the trigger pulse is applied to the base of Q2, a forward-biased con- 
dition is established at Q2 causing it to conduct. The circuit becomes re- 
generative and a rapid transition to the opposite state occurs. As Q2 conducts, 
its previous collector potential of f0.5-volt drops to a more negative value 
which is coupled to the base of Q3 across capacitor C3. With less potential 
applied across Q3, the conduction of this transistor decreases. The more 
positive voltage developed at Q3 collector, in turn, is coupled back to the 
base of Q2 across capacitor C2 and increases the positive bias of Q2. Con- 
sequently, Q2 rate of conduction is increased. Regenerative action continues 
until Q2 is conducting at near saturation and Q3 becomes negative biased to 
cutoff. 

Transistors Q2 and Q3 are operated non-saturated by means of low- 
dissipation, high-speed collector-to-base clamping circuits. Diodes with 
different forward-voltage drops are connected in parallel between the base 
and collector of Q2 and Q3 to control the amount of bias on the transistor that 
is conducting. In figure 6-12 germanium diodes CRY and CR8 are connected 
to the collectors, and silicon diodes CR6 and CR9 are connected to the bases 
of the flip-flop transistors. To maintain the collectors at a more positive 
potential than the base circuits, the germanium diodes conduct with a 0.3r 
volt drop as compared to a 0.6-volt drop for the silicon diodes. While re- 
generative action of the flip-flop circuit causes the conducting transistor to 
progressively increase in conduction toward saturation, the clamping network 
allows the conducting transistor to increase in conduction until it approaches 
its saturation level. At this time, the feedback diode becomes forward-biased, 
conducts, and clamps the collector of the conducting transistor to fO. 3-volt 
above its base-to-emitter potential. 
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During the transition from a 0-set state to a 1-set state, and after attain- 
ment of circuit equilibrium., diodes CR6 and CR7 (figure 6-lZ) provide base 
drive control and clamping action for transistor Q2. When the trigger pulse 
is applied to the base of Q2, causing it to conduct, CR6 is conducting to drive 
Q2 toward saturation. Meanwhile, CR7 remains reverse biased to cutoff 
until Q2 collector reaches approximately -5.5 volts. At this point, CR7 
becomes forward biased and conducts to clanap the base circuit at approximately 
0. 3 -volt more negative than its collector. This is accomplished by the forward- 
voltage drop differential between diodes CR6 and CRT. Degenerative action 
produced by this clanaping network controls Q2 conduction to approximately 
0. 3 volt below the transistor's operating level of saturation, 

Flip-Flop Timing Circuits 

Triggering of all flip-flops is synchronized with clock signals originating 
in the memory to establish the correct time relationships between the flip-flops 
and other logic circuits. The input circuits of each flip-flop generate a 
trigger pulse if a true -level input signal is present at one of the inputs during 
the true -to-false transition of the next clock pulse. 

Figure 6-13 illustrates operation of a flip-flop input circuit that generates 
the trigger pulse. Assume that input signals A^^A^A^ in figure 6-13 are true. 

"Or" diode CR7 conducts, and the voltages at points "a" and "c" start to fall 
toward a negative value. Diode CRl also starts to conduct, but clock diode 
CR2 is cut off by the -6 -volt true clock signal present at the anode. The 
voltage at point "d" starts to fall negatively at an exponential rate determined 
by the r-c time constant of capacitor CI and resistor R18. When the voltage 
at point "d" reaches -6 volts, CR2 conducts and clamps the voltage to that 
level. CI charges to -6 volts, and it is at this time that the capacitor stores 
the information that flip-flop "X" is to be 1-set at the true-to-false transition 
of the next clock pulse. 
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Figure 6-15. Potentials at Delay Section of Timing Circuits 
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The potentials at points "d" and "e " of figure 6-13 are illustrated in figure 
6-15 at (a) the time the clock signal goes true, (b) at approximately 25 percent 
of the clock true period, and (c) at the tin^e the clock signal goes false. Observe 
in (a) that points "d" and "e " are at -2.6 volts and -8.1 volts, respectively, 
when the clock signal goes true. 

In (b) of figure 6-15 the clock diode conducts when the voltage at point "d" 
reaches -6 volts, and the voltage at point "e " has decreased to -7.7 volts. 
At the occurrence of the true -to-false transition of the clock signal in (c) the 
voltage across the capacitor is zero and point "e " is at -6 volts. At the time 
the clock signal goes false, points "d" and "e " are driven in a positive direction 
because the diode is conducting and the clock signal rise time is very short. 
Point "e" in figure 6-13 rises toward ground potential, and diode CR6 conducts 
to transmit a positive trigger pulse to the flip-flop circuit. 

The input impedance of the n-p-n flip-flop transistor is very low at the time 
the trigger pulse is applied, and capacitor Cl(figure 6-13) discharges very 
rapidly to return point "e " to a nominal -6 -volt potential by the end of the clock 
false period. 

Had both input "and" gates been enabled at the true clock period, CI would 
have charged up to the clamping point at alnnost twice the rate, since the 
"and" gate load resistors then are electrically in parallel. "With additional 
"and" gates enabled, CI reaches its ultinnate charge faster, but the clamping 
action of CR2 is the same. 

When all of the "and" gates are inhibited, CR2 remains reverse-biased 
and CI uncharged. Then, as the clock signal goes false, CR2 is unbiased, 
point "e" remains at -6 volts, and no trigger pulse is generated by the timing 
circuit. 



Logic Driver Circuits 

The logic driver circuit boards are located on the RECOMP III computer 
chassis in the 100-200 series row at connector numbers 10 through 16. Each 
board contains three transistorized drivers (figure 7-34 of RECOMP III Service 
Manual) which, under certain circumstances, are used to amplify the signal 
current from the logic primary "and" gates and the logic flip-flops. This 
amplification is required when a single prinaary gate, or flip-flop, drives more 
than approximately 60 secondary gates. 

Eleven primary "and" gates are also mounted on each logic driver board 
which are not directly connected internally on the board to the driver stages. 
Some of these primary gates, how^ever, are wired through the connectors to 
the amplifiers where they have sufficient secondary loadings to require the 
additional driving current. 

The prime reason that logic drivers are used in RECOMP III is to provide 
a large amount of ground current for operation of many secondary gates. Each 
of the three logic drivers on a board consists of two emitter -follower amplifier 
stages. The first stage is a diode-coupled p-n-p transistor; the second, an 
n-p-n transistor (figure 6-16). Output of each stage retains the same phase 
relationship as is applied to the input. The operation of each stage is con- 
tingent upon the type of input signal (true or false) received, 
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Figure 6-16. Logic Driver Simplified Schematic 



P-n-p transistor Ql is connected in the circuit as an emitter -follower 
current amplifier and is always in a conducting state. When an input signal 
to the driver circuit is false (-0.5 volt) Ql conduction reproduces the positive 
voltage (approximately fO.Z volt) which is present at its base (figure 6-16). 
This positive voltage is applied to the base of n-p-n transistor Q2 and es- 
tablishes a positive bias with respect to its emitter, and consequently causes 
Q2 to conduct. Having a grounded collector, Q2 conducts with sufficient 
current amplification to drive many secondary logic gates with a false level 
(approximately -0.5 volt ) signal. Diode CR5 is reverse-biased and remains 
non- conductive during false-level input signals. 

When a true level (-12-volt) signal is applied to the logic driver input, 
transistor Ql amplifies the current of the -12-volt signal. This negative 
potential, applied to the base of Q2, causes Q2 to become negative biased and 
its conduction to be cut off. Diode CR5, however, becomes forward biased 
and conducts the amplified -12-volt signal with sufficient current to drive many 
secondary gates. 

Write Switching Circuits 

Eight identical circuit boards contain the w^rite sw^itching network circuits 
for selecting the specific memory write head to record a computer word into 
the main memory channel addressed by a coinmand. Each board contains 
eight transistor switches, one switch of the eight for each of eight main 
memory write heads. All eight boards thus contain 64 switches for the 64 
main nnenaory channel write heads. 

Figure 6-17 shows the matrix form of the write switching network circuitry 
and illustrates the method by v/hich the write head of an addressed channel is 
selected. Unprimed and primed outputs of channel selector flip-flops C, 
through C/ supply input signals to two selecting "and" gates located on the 
write switching network circuit boards. Flip-flops C- through C_ supply signals 

to one selecting "and" gate on a specific board; the board which will receive 
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these signals is determined by wire routing of the various combinations of 
primed and unprimed outputs of the C^ C^, C, flip-flops. Output of the C, C^C 

gate is connected to a bus which routes a signal to one switch input "and" gate 
on each of the eight write switching boards. Flip-flops C. through C. , mean- 
while, supply signals to another selecting "and" gate on a specific board; the 
board receiving these signals is determined similarly through wire routing 
of the various combinations of primed and unprimed outputs of the C ,, C^., and 
C. flip-flops. Output of the C.G^C/ gate is connected to a bus which routes a 

signal to all eight switch input"and" gates on that selected write switching board. 
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Only one of the eight possible combinations of signals from each of the two 
flip-flop groups can all be true during any one given time. Therefore, only 
one transistor switch input "and" gate can be enabled during a particular time, 
and only the write head of the addressed channel is permitted to record infor- 
mation at that time. 

As an example of head selection, if C^, C^, C^, C^, C^, and C^ were all 

true during a particular word time, a selecting "and" gate would be enabled on 
the board that is wired to receive C'C^C' configuration and a selecting "and" 

gate would be enabled on the board that is wired to receive C' C' C! configu- 
ration. Output of CJC 'C' is routed to a same pin (and a same switch input 
"and" gate) on each board; output of C^C^C^', to all eight switch "and" gates 

on the board receiving this signal configuration. The two signals, where co- 
incidient, then enable the switch input "and" gate for the transistor switch of 
write head 00 (figure 6-17). Conduction of this switch allows the write head 
for channel 00 to record information in that channel. 

The schematic of the write switching network circuit board is presented in 
the Service Manual. Diodes CR17 through CR19 and diodes CR36 through CR38 
form the two signal bus "and" gates. Diodes CR20 through CR35 form the switch 
input "and" gates of the eight transistor switches. Ouptuts of the two signal bus 
gates are connected to the switch input gates to form cascaded "and-and" gates. 
The switch input "and" gates control the base voltage of the transistors. 

Figure 6-18 is a simplified schematic of one write switch circuit. The 
collector of the transistor switch is connected to the center tap of the correspond- 
ing write head coil. When the input signals from the channel selector flip-flops 
are all true, the switch input "and" gate is enabled and the -12-volt output over- 
comes the potential barrier between the transistor emitter and base. The 
transistor conducts and establishes a -3-volt potential at the center tap of the 
write coil. Current goes through the collector output line and one -half of the 
write coil when either isolation diode at the input gate conducts. The M^^ and 
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2 information channel write amplifiers supply -12-volt write signals to the 

corresponding write -0 or write -1 inputs of the 64 write heads simultaneousbr. 
Only that isolation diode of the addressed channel write head, which is forward- 
biased by the -3-volt potential at the center tap and the applied -IZ-volt write 
signal, conducts and permits write current to flow through the corresponding 
half of the write coil. 

The write switching network circuit boards also contain the isolation diodes 
utilized at the write head coil inputs. Write signals from either of the write 
amplifiers are applied simultaneously to the cathodes of eight diodes on the 
board indicated and to similar diodes matrices on each of the seven remaining 
circuit boards . 



Write Amplifier Circuits 

Three write amplifier circuit boards, located in the computer chassis, 
generate the pulses of write current which record information on the magnetic 
memory disk. Each write annplifier circuit board contains three write amplifier 
circuits. Seven of the available nine write amplifier circuits are used with the 
two rapid-access loops and the five registers; the remaining circuits are used 
with the 64 main memory channels. 

Loop and Register Write Amplifiers 

Figure 6-19 illustrates a typical loop and register write amplifier circuit. 
The circuit consists of a flip-flop, an amplifier stage at each flip-flop output, 
and an additional amplifier that provides signals for monitoring and, in some 
instances, logic gate inputs. 
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Figure 6-19. Typical Loop or Register Write Amplifier Block Diagram 
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Write-1 and write-0 signals from logic gates enable the input "and-or" 
diodes of the write amplifier during the clock signal true interval. At the 
true-to-false transition of the clock signal, the enabled diode and the flip-flop 
timing circuit generate a pulse which triggers the flip-flop. A write-0 signal 
results in conduction of the 0-input flip-flop transistor, and the primed-output 
power amplifier conducts through one-half of the write head coil to record a 
binary on the magnetic disk. A write-1 signal results in conduction of the 
1-input flip-flop transistor, and the unprimed- output power amplifier conducts 
through the opposite half of the write head coil to record a binary 1 on the disk. 



The schematic of the write amplifier circuit board is given in the Service 
Manual. On the circuit board illustrated, write amplifier No. 2 is utilized with 
rapid-access loop V, while write amplifiers Nos. 1 and 3 are the main memory 



write .amplifiers M , and M -,. 
^ wl w/ 



The configuration and operation of write 



amplifier No. Z is typical of all loop and register write amplifiers, and this 
circuit is used as a reference in the functional description that follows. 
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The flip-flop consists of n-p-n transistors Q3 and Q4, the collectors of 
which supply the base drive for output amplifiers QZ and Q5. Gating and timing 
of the flip-flop is identical to that of the other computer flip-flops (refer to 
Flip-Flop Timing in this section) except that resistor RZO is connected to -12 
volts rather than -6 volts. Amplitude of the input trigger pulse is from -0.5 
to f6 volts, as illustrated in figure 6-20. This illustration also shows typical 
write amplifier waveforms and voltage levels. 

Assunning that the flip-flop is in the write- 1 state, transistor Q3 is cut 
off by the conduction of Q4 through load resistor R6. The Q3 collector poten- 
tial is +3 volts and the base potential is -14 volts. A positive write-0 pulse 
applied to the base of Q3 triggers that transistor into conduction, and the nega- 
tive increase in Q3 collector voltage is coupled through capacitor C3 and cuts 
Q4 off. The collector and base potentials of Q4 assume the same cutoff values 
as those previously applicable to Q3. 

Prior to the conduction of Q3, power amplifier Q5 was cut off by the +3- 
volt collector voltage of Q3 applied to the base, and current through the 
write-0 half of the write head coil was zero. The negative increase in Q3 
collector voltage from +3 to -12 volts drives Q5 into conduction and the emitter 
potential increases to -12 volts. Q5 emitter is connected to ground through 
the resistor-diode combination of R5 and CR3 and the write-0 half of the write 
head coil. CR3 conducts when forward-biased by the -12-volt ennitter poten- 
tial of Q5, resulting in current going from ground through the write-0 half of the 
coil and the power amplifier to the -12-volt supply. The 25 milliamperes of write 
current through the write head records a binary in the selected loop or register 
sector of the loop-register channel on the magnetic disk. 

A write- 1 pulse applied to the base of Q4 triggers the flip-flop to the oppo- 
site state, and power amplifier Q2 conducts to record a binary 1 on the disk 
in a like manner. Test power annplifier Ql is connected in parallel with Q2 
to provide write- 1 signals for the system tester (when connected). When Q4 
conducts, the negative increase in collector potential drives Ql into saturation, 
and the output is a true signal with an amplitude of to -12 volts. Diode CR4 
permits rapid recovery of Ql from the saturated state by cutting off the base 
drive to the test power amplifier when the collector potential of Q4 goes posi- 
tive at the occurrence of a write-0 input pulse. 

Information Channel Write Amplifiers 

Figure 6-21 is a block diagram of information channel write amplifiers 

M , and M _,. These aimplifiers are identical in configuration to the loop and 
wl w2 o i 

register amplifiers except that load resistors R115 and R315 are 150 ohms. 
The unprimed-output power amplifiers are not used, and the primed-output 
power amplifiers provide^both the write- 1 and write-0 current. The two flip- 
flops thus provide four (2 ) possible combinations of output signals to repre- 
sent write connmands from the computer logic as follows: 

AMPLIFIER M , AMPLIFIER M, , 
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In condition 10, M , is 1-set and M , is 0-set bv a write-1 input signal, 

wl Wii 

and the M ^ primed -output power amplifier produces the write-1 current. 

wZ 
Conversely, in condition 01,M ^ is 1-set and M^^^ is 0-set by a write-0 input 

signal and the M , primed-output power amplifier produces the write-0 current, 

& wl 

In condition 11, both M and M ^ are 1-set and both primed-output power 

amplifiers are cut off for a "not write" command. Condition 00, or "both write' 
has no application in computer logic and is never used. 
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Figure 6-21. Information Channel Write Amplifier Block Diagram 
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Operation of the information channel write amplifiers is essentially the 
sanne as that of the loop and register amplifiers. The center tap of the write 
head coils is not grounded, but is connected to the collectors of the w^rite 
switching transistors. Conduction of the information channel primed- 
output amplifiers occurs only when the write switch of a selected 
channel conducts and registers a -3-volt potential at the center tap of 
the selected write head coil. The write - 1 or write -0 current through the 
corresponding half of the coil (as in the loop and register amplifiers) then 
records the information on the disk. 



Write Amplifier Cutoff Circuit (TBZ) 

The write amplifier cutoff circuit board (TBZ), located on the inside of the 
hinged computer chassis (figure 7-6 of RECOMP III Service Manual), provides 
a signal to cut off main memory information channel "write -1" amplifier M ^ 
at bit time 1. 

In addition to the cutoff circuit, the board also contains circuits which serve 
as decoupling elements for the input gates to the logic flip-flops (Figure 7-40 of 
RECOMP in Service Manual). Capacitors C5 through C16 and C18 filter the 
logic flip-flop supply voltages to ensure that transient voltages do not trigger 
the flip-flops. 

The write amplifier cutoff signal ensures that correct information is stored 
in the main memory channels synchronous with the timing of the memory by 
prohibiting a binary 1 of the preceding word sector fronm being recorded at bit 
time Z of the succeeding word sector. (The computer records the sync bit at 
bit time 1, the least significant bit of the 40-bit information word at bit time 
Z, the most significant bit of the information word at bit time 40, and the sign 
bit at bit time 41. ) 

Sync bit pulse T, , clock pulse C, and the output of a one-shot multivibrator 

provide the input signals to an "and" gate composed of diodes CR4, CR5, and 
CR7 (figure 7-40 of RECOMP III Service Manual). Strobe pulse C is the input 
to the one-shot multivibrator composed of p-n-p transistors Ql and QZ. The 
output of the "and" gate through threshold diode CR9 is the write amplifier 
cutoff signal C/O. Figure 6-ZZ shows the timing relationships between the 
input waveforms and the output waveform of the write amplifier cutoff circuit. 

The sync bit pulse is true only at bit time 1 of each word sector time; the 
clock pulse alternates between false and true levels 41 times in each word sector 
time; the strobe signal (complem.ent of the clock signal) alternates between true 
and false levels at the clock signal rate. When the output of the one-shot 
multivibrator is true at bit time 1, the "and" gate is enabled and produces the 
write amplifier cutoff signal. 

Zener diode CR9 is the threshold di ode of the CR4, CR5, CR7 "and" 
gate; With the anode of CR9 connected to the -18-volt supply across 
resistor R8, and when any one of the input signals are false, CR9 breaks 
down and maintains a -7-volt drop at this anode. The write amplifier 
cutoff signal is then at -7-volts during the period that the "and" gate is 
inhibited and does not affect operation of the write amplifier circuits. 
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Ql of the one-shot multivibrator normally conducts with Q2 cut off by +6 
volts applied across R6 to the base. The collector voltage of Q2 is -12 volts 
at cutoff and is at ground potential when Q2 is conducting. The "and" gate 
will then be enabled when Q2 registers a true output in coincidence with T 
and C true signals at the other two "and" gate inputs. As sync bit pulse T^, is 
only true at bit time 1, the "and" gate can only be enabled during that period. 

Input signals to the write amplifier cutoff circuit are not perfect square 
waves as figure 6-22 illustrates. To ensure positive cutoff of the write ampli- 
fier, the "and" gate is not enabled at the false-to-true transition of T,, but is 
delayed beyond the fall time period of the waveform. The one -shot multivibra- 
tor provides the necessary 3-to-4 microsecond delay. 

The strobe signal applied to the write amplifier cutoff circuit continuously 
alternates between +6- and -12-volt levels. C17 and R9 form a short-time con- 
stant to the strobe pulse and differentiate the square wave into positive and 
negative spikes. Diode CRll limits the positive portion of the waveform by 
clamping it to ground potential. The trigger pulse applied to the base of Q2 
through capacitor C2 is then alternating between and -12 volts with a 6.32- 
microsecond interval between pulses. The strobe pulse will then trigger the 
one -shot multivibrator at the beginning of each bit time of the word, and the 
false output inhibits the "and" gate for approximately 3 microseconds of the 
6. 32-microsecond bit time period. After 3 microseconds, Q2 reverts to the 
stable state and registers a true output until again triggered by the strobe pulse. 

Thus, the "and" gate is enabled approximately 3 to 4 microseconds after 
the beginning of bit tinne 1 when all gate inputs are true. Zener diode CR9 
conducts to register the -12-volt write amplifier cutoff signal at the output. 
This negative voltage, applied to the base circuit of information channel write 
amplifier M p, results in a false output from the primed-output power amplifier 

to prohibit the inadvertent recording of a binary-1 bit at bit time 2. 

Read Switching Circuits 

Eight identical circuit boards comprise the computer read switching net- 
work circuits. Each circuit board has eight transistor switches, with the 
eight boards thus containing the 64 read switches for the 64 read heads which 
reproduce information from the main memory channels. Information from 
the channel which contains the registers and high-speed loops does not require 
selection by switching circuits and is therefore read directly into the read 
amplifiers (refer to Read Amplifier Circuits). 

Infornnation is reproduced by the read heads from all storage channels si- 
multaneously and continuously throughout computer operation. The eight read 
switching network circuits select eight of these 64 available read head signals, 
as determined by the least significant octal digit of the channel address, and 
apply them to the eight main memory read amplifier circuits. Logic gates then 
select the amplifier circuit corresponding to the most significant octal digit of 
the channel address and apply its output to the main memory read flip-flop. 

Figure 6-23 illustrates how each read switching network circuit selects 
one read head signal from among the eight available. The diagram also illus- 
trates the additional selection of the read amplifier circuit by the logic gates 
which determine if the output of a particular read switching network circuit 
is that of the information channel addressed. 

6-37 



Signals from the read heads of channels through 7 are applied to transis- 
tor switches M ,. through M „, respectively, during each bit time. A transis- 
tor driver amplifier on each read switching network circuit board controls the 
conduction of eight switches, one on the circuit board on which it is located and 
one on each of the other seven associated circuit boards. 

In figure 6 -Z3, the driver on the circuit board illustrated controls the 
conduction of switch M „ and that of seven other switches indicated at the gating 

signal output. Signals from the channel selector flip-flops C,, C ^t and C^ in 
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turn control the conduction of driver and the other drivers. In the example in fig- 
ure 6-23, driver conducts only when its input "and" gate is enabled by true 
signals from the primed outputs of flip-flops C,, C^, and C,. The "and" gate 
input? of the seven remaining drivers require all true signals from a different 
combination of the three flip-flops' unprimed and primed outputs before they 
are enabled. Thus, during any given time, only one combination of channel 
selector gate input signals can be true and only one driver of the read 
switching network can conduct. The possible number of combinations is 2 (8), 
or one combination for each driver. 

Conduction of driver cuts off switch M „ and the seven other switches 

r 

indicated as gated by the driver. Switches M , through M _ and the remaining 

switches continue to conduct with their associated drivers cut off. The signal 
from the read head of channel passes through to the summing amplifier and 
the emitter -follower, which couples the signal to main memory read amplifier 
M . Signals from the read heads of channels 10, 20, 30, 40, 50, 60, and 70 
ai^ also simultaneously coupled to their associated read amplifiers in a like 
manner from the other circuit boards. The 56 other read head signals are 
shorted to ground by the conduction of their respective sw^itches. 

Outputs of read amplifier M and the other seven memory read amplifiers 
are applied to "and" gates whose other inputs are combinations of signals from 
channel selector flip-flops C ., Cc, and C/ . Again, only one of the possible 

eight signal combinations can be true at any given time, and only one of the 
"and" gates is enabled to pass the signal from the addressed channel to main 
memory read flip-flop M^. 

Transistor switches Ql through Q8 are in parallel with corresponding read 
heads in the computer memory (the schematic of the read switching network 
board is given in the Service Manual). Driver Qll controls the conduction of 
switch Q8 and one sw^itch on each of the seven other network circuit boards . 
Summing amplifier Q9 amplifies the selected read head signal current, and 
emitter -follower QIO applies the output signal to the associated read amplifier. 

Zener diode CR4 in the base circuit of Qll is the threshold diode for an "and" 
gate comprising diodes CRl, CR2, and CR3. A -0,5-volt potential exists at 
point "a" on figure 6-24 when the "and" gate is inhibited by false signals from 
channel selector flip-flops C, , C^, and C^. CR4 is reverse-biased and Qll 

is cut off by the f 6 -volt supply across R39 at point "b". With Qll cut off, the 
negative voltage at point "c" is applied to the gate line which supplies the base 
drive for switch Q8 and the other seven associated switches. The eight tran- 
sistors conduct heavily and short the read head signals to ground. 

When the "and" gate is enabled by true signals at the inputs, CR4 breaks 
down from the -12-volt potential at point "a", and the diode maintains a 7-volt 
drop across its terminals. The potential at point "b" decreases to +0.65 volts, 
and Qll conducts when the base potential falls below that of the +0.75-volt emit- 
ter potential. Saturation of the driver establishes a positive potential at point 
"c" which cuts off Q8 and the other seven associated switches. The signals 
from the corresponding read heads pass through to the summing amplifier while 
the remaining switches short out the 56 other signals as described previously. 

A potentiometer at the output of each transistor switch permits adjustment 
of the output signal amplitude. The grounded-base configuration of summing 
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Figure 6-24. Simplified Schematic For One Read Switch 



amplifier Q9 provides an input resistance of approximately 50 ohms to the read 
head signal. This value of resistance is low in comparison to the series re- 
sistance of 10 kilohms, and amplitude adjustments of the read head signal are 
independent of each other. The series 10-kilohm resistor provides damping 
to prevent signal overshoot. 

Read Amplifier Circuits 

The computer contains 17 identical read amplifier circuit boards which 
amplify and shape the read head signals before applying them to the logic gates. 
The 17 read amplifier circuit boards are utilized as follows: eight for main 
memory information channels, one for each of the five registers, one for each 
of the two rapid-access loops, one for the clock channel, and one for the origin- 
sector channel. Input signals for the information channel amplifiers are de- 
rived from the read switching networks; the input signals to the remaining 
amplifiers are received directly from the read heads. 

Figure 6-25 is a block diagram of a read amplifier circuit. The pre- 
amplifier amplifies the weak read head signals and applies them to a strobe 
switch (a modified Schmitt trigger) circuit. This switch synchronizes memory 
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ous with other computer logic operations. The flip-flop power amplifier shapes 
the read head signal and amplifies the current sufficiently to drive the logic 
gates. 

A 1-bit memory read signal input to the read amplifier circuit during a 
false clock interval produces a true signal at the unprinied output and a false 
signal at the primed output. When a 0-bit signal is input to the read amplifier 
circuit, the output signals are reversed. The read annplifier is reset at the 
end of each word sector time by the positive transition of a pulse from memory 
synchronization flip-flop T ., . 
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Figure 6-25. Read Amplifier Block Diagram 

Each read amplifier circuit's preamplifier consists of five transistors 
connected in alternate emitter-follower and amplifier configurations (refer to 
schematic of read amplifier board in Service Manual). The memory read 
signals are routed to emitter-follower Ql which presents a low-capacity input 
to the memory read heads. Amplifier Q2 has a gate control (potentiometer R5) 
in the emitter circuit. The output signal at the collector of Q2 passes through 
a resistance-capacitance network composed of R3 and C3 which limits the 
high frequency response to 120 kilocycles. Noise decoupling networks are used 
throughout the preamplifier. Amplitude of the preamplifier output signal at 
TP5 is approximately six volts peak-to-peak. 

The preamplifier output signal is impedance-coupled through C8 and LI 
to the base of strobe switch transistor Q6. Inductor LI provides low d-c 
resistance to improve the d-c stability of the transistor bias. The strobe 
switch transistors are n-p-n type, and the strobe signal is applied across R17 
to the emitters. The strobe signal alternates between +6 to -12 volts. 

Operation of the strobe switch circuit must be considered in relation to that 
of the power amplifier flip-flop. The reset pulse from memory synchronization 
flip-flop T^^ is applied to the read amplifier circuit through CR4. Then the 

signal is applied through CR7 to the logic gates, and capacitor Cll couples the 
signal to the base of the flip-flop transistor Q8. Positive transition of the pulse 
cuts Q8 off, and capacitor C13 couples the negative increase in collector voltage 
to the base of Q9, causing that transistor to conduct. Collector voltage of Q9 
rises to -0.5-volt and that of Q8 increases negatively to -9 volts. Therefore, 
at reset the read amplifier circuit unprimed output is false and the primed 
output is true. 

The strobe switch circuit contains a feedback line from the base of Q7 
through CR6 to Q9 collector. At reset, current through this feedback line 
establishes a potential of -5,4 volts on the base of Q7. The bias on Q6 is 
-6 volts applied across inductor LI, and the resultant -0.6 threshold bias at 
the base of Q6 prohibits the triggering of the input transistor by transient 
noise voltages. 

Figure 6-26 shows the read amplifier waveforms and voltage levels. As- 
sume that the power amplifier flip-flop has just been triggered by the reset 
pulse resulting in the unprimed output false and the primed output true. When 
reset, both strobe switch transistors are cut off because of the f6-volt strobe 
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signal applied at the emitters and the approxinnate f 6 -volt potential at the 
collectors. At the negative transition of the strobe signal, Q7 conducts when 
the emitter voltage decreases to the base potential of -5.4 volts. The con- 
duction of Q7 clamps the emitter voltage of both transistors at a -5.4 volt level, 
and Q6 remains cut off with the -6-volt supply present at the base. Negative 
increase in Q7 collector voltage applied to the base of flip-flop transistor Q9 has 
no effect as the transistor is conducting at near saturation. The read 
amplifier unprimed output remains at a false level and the primed output re- 
mains at a true level. 

A positive 1-bit read head signal from the preamplifier applied to the base 
of Q6 does not cause that transistor to conduct until the threshold bias of 
-0. 6-volt is overcome. When Q6 becomes positive biased, the transistor 
conducts and clamps the emitter potentials of both transistors to -6 volts for 
the duration of the strobe signal true period. With Q6 conducting, the negative 
increase in collector voltage is applied to the base of Q8, and that transistor 
conducts and cuts off Q9. The read amplifier unprimed output then produces 
a true signal and the primed output produces a false signal when a 1-bit read 
head signal appears kt the input. With Q9 cut off, current through the feed- 
back line to the base of Q7 decreases and the base voltage increase to -6.-6 
volts. Q7 remains cut off for the duration of the strobe signal true period by 
the -0. 6-volt bias between the base and the emitter. Both Q6 and Q7 are cut 
off during the false period of strobe signal, but the read amplifier outputs 
remain at the same true and false levels with the conduction of Q8 keeping 
Q9 cut off. 

The positive memory read signal decreases to zero in approximately one 
clock interval. However, the read amplifier outputs will continue to indicate 
a 1-bit condition until application of a 0-bit read head signal. Q6 continues 
to conduct at the negative transition of each strobe signal, but the negative 
increases in collector voltage applied to the base of the conducting Q8 have 
no effect on the state of the flip-flop. 

A negative 0-bit read head signal applied to the base of Q6 during the 
strobe signal true interval cuts the transistor off instantaneously, and Q7 
conducts when the negative voltage at the emitter exceeds the -6. 6-volt potential 
at the base. Negative increase in Q7 collector voltage is applied to the base 
of Q9 and that transistor conducts and cuts off Q8. The read amplifier un- 
primed output then produces a false signal and the primed output produces 
a true signal when a -bit read head signal appears at the input. Feedback 
current from Q9 collector again establishes the -0. 6-volt bias at the base 
of Q6 which keeps the transistor cut off for the duration of the strobe signal 
true interval. Q7 continues to conduct during the strobe signal true period, 
and both transistors are cut off during the strobe signal false period. 
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Figure 6-26. Read Amplifier Waveforms 
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Memory 

Basically, a RECOMP computer memory consists of a motor-driven, ferrous- 
oxide coated disk which rotates at a synchronous speed beneath a stationary 
headplate containing write, read, and erase heads. The coated surface of the 
disk stores inforniation in the form of flux patterns representing binary digits. 
These patterns are placed on the disk in the form of concentric channels or 
tracks which serve ■ several purposes. Most of the channels constitute general 
storage for commands and data, and are referred to as main memory. Re- 
maining channels provide a rapid- access portion for commands and data, 
portions of the arithmetic and control registers, and basic computer timing 
and control signals. 

Write heads electrically record the flux patterns representing the binary 
digits, and read heads electrically reproduce the patterns. Erase heads for 
the rapid-access loop and register channel erase all information in this channel 
immediately after the information is reproduced by the read heads. Erasure 
is accomplished by magnetically changing the recorded flux patterns on the 
disk to one polarity. 



Mechanical Construction 

Figure 6-Z7 illustrates the mechanical construction of the computer 
memory. A flexible diaphragm attaches the magnetic disk to the rotor, 
which is mounted to a non-rotating shaft with ball bearings held in place by 
snap rings. The shaft is supported by two parallel diaphragms, one located 
in the inner edge of the headplate and one in the lower part of the frame. 
These diaphragms provide stiff coupling between the members but are flexible 
enough to permit disk rotation parallel to the headplate. 

A solenoid assembly, mounted to the memory frame, surrounds the non- 
rotating shaft. The solenoid plate (armature) is attached to one end of the 
non-rotating shaft. A pre-loaded compression spring mounted between the plate 
and the solenoid housing keeps the solenoid plate and, consequently, the disk 
retracted while the solenoid coil is de-energized. The spring pressure on the 
solenoid plate prevents the non-rotating shaft from positioning the memory 
disk near the headplate until the solenoid coil is energized. Power control 
circuit interlocks ensure that information cannot be recorded or read until 
the disk is rotating at 3450 revolutions per minute and is positioned approxi- 
mately 50 microinches from the headplate. 

Disk Positioninp 



The memory disk does not move into normal operating position until 30 
seconds after the initial application of power to the computer. This time 
delay permits the disk to attain the correct rotation speed necessary and to 
ensure sufficient air bearing between the disk and headplate. (refer to 
Control Power Circuits in this section). 

Memory motor rotation begins with the initial application of power to the 
computer. The motor, a split-phase induction -type incorporating a capacitance 
start, has a nominal operating speed of 3450 revolutions per minute. When 
the disk reaches operating speed, current energizes the solenoid coil after the 
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time delay, and the solenoid plate forces the non- rotating shaft, rotor, and 
disk into correct position near the headplate. After the additional 10-second 
time delay for synchronization, the computer is ready for operation. 

An air thrust bearing (figure 6-28) establishes the gap between the rota- 
ting disk and the headplate. The air bearing is developed by eight grooved 
radial sections in the headplate, each occupying 45 degrees on the headplate 
surface. Air moves in the direction of disk motion as the disk rotates, ex- 
panding in area A and compressing in area B. Any tendency of the disk to 
move toward the headplate is resisted by the greater air pressure at the high 
compression points. Thus, the correct gap is maintained by the air cushion 
produced by opposing forces of air pressure developed at the headplate versus 
solenoid thrust through the non- rotating shaft. 

Information Storage 

The channels on the disk surface are separated from each other by 0.03 
inch, except for the two inside channels which are separated by 0.02 inch. 
Radius of each channel from the center of the disk varies from 1.89 inches for 
the inside channel to 3.87 inches for the outside channel. Main memory utilizes 
64 channels, and the registers and rapid-access loops occupy one channel. The 
disk also contains a clock channel and an origin-sector channel in which timing 
and control information is recorded at the time of manufacture. 

Each of the channels except the loop-register channel provides non-vola- 
tile information storage. The non-volatile channels retain stored information 
for an indefinite period, and the reproduction of information from these chan- 
nels does not alter the character of the contents. Contents of the main mem- 
ory channels are subject to erasure or modification to meet the requirements 
of the programmer, but the contents of the clock and origin- sector channels 
can be modified only by the manufacturer. 

The loop-register channel provides only volatile information storage, as 
the loop- register functions utilize logic flip-flops in conjunction with the 
channel on the disk. Information is not retained in the loop-register channel 
if source power is interrupted or fails and when the computer power is turned 
off. The loops and registers and their associated flip-flops constitute a closed 
transmission loop for certain coinputer connnnands, and the loop contents may 
be recirculated during operation to preserve the information for future use. 

Each main memory channel has corresponding write and read heads which 
are located on the stationary memory headplate. The loop- register channel 
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the five registers. The loops and registers also have erase heads positioned 
such that they erase recorded digits after reading. Figure 6-29 illustrates the 
head positions on the memory disk in relation to disk rotation. 

The write and read heads function in association with write and read ann- 
plifiers in recording and reproducing information. All amplifiers are mounted 
on circuit boards located in the computer chassis. 

Main memory channels utilize two write and eight read amplifiers, whereas 
each loop and register has its own individual write and read amplifier. The 
clock and origin- sector read heads each have an associated read amplifier, 
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but no write amplifiers are provided for these channels as information is 
recorded in them only by the manufacturer. 
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Figure 6-29. Magnetic Memory Head Positions Diagram. 



Write Heads 



A write _iead (figure 6-30) consists of a center-tapped coil wound around 
a metal cor^; farmed of thin, high-permeability T -laminations , two low-loss 
magnetic blocks, and two ceramic insulating inserts. The lamanation edges 
form the pole tip which serves as the writing medi\am. 

Both the xTiain memory and loop-register write heads record information 
in word sectors of their respective channels as selected by the computer 
program. However, the clock and origin-sector write heads are utilized only 
at the time of the m.anufacture and perform no functions in normal computer 
operations. 

Figure 6-31 illustrates the principles of perpendicular recording 
utilized in the computer memory. Write current flows through the coil and 
sets up flux lines around the core. The flux concentrates at the small area 
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Figure 6-31, Perpendicular Recording Diagram. 
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of the pole tip and sets up vertical magnets as it flows downward through the 
ferrous -oxide recording medium on the memory disk. Low permeability of' 
the recording medium, as opposed to high permeability of the backing materia], 
tends to keep the flux concentrated as it passes through the recording medium. 
In the backing material the flux diffuses to a lower density and has little effect" 
upon the magnets already produced as it re-enters the recording medium. The 
flux return path after leaving the memory disk is through the magnetic blocks 
to the center section of the T-laminations . 

Relationship between the write current and the induced flux pattern in 
the recording of binary information is illustrated in figure 6-32. Square-wave 
pulses of write current flow through the coil from opposite directions to the 
center tap for binary-1 and binary-0 signals. This method of recording is 
termed "non-return to zero" because the write current is always at either a 
positive or negative value and the voltage level changes only at the transition 
between recording of unlike digits. 



BINARY 
DIGIT 



WRITE 
CURRENT 



READ HEAD 
VOLTAGE 




\ 



/ 






^W^^^W^^ 



Figure 6-32. Writing and Reading Waveforms, 



Read Heads 



A read head (figure 6-33) consists of a single-ended coil wound around a 
metal core formed of T-laminations, and two low-loss magnetic blocks shaped 
to form a shielding extension around the pole tip. 

Both the main memory and loop-register read heads reproduce information 
from word sectors of their respective channels as selected by the computer 
program. The clock and origin-sector read heads continuously monitor their 
channels and transmit the recorded timing and control information to various 
computer cir cuits as required. 

Figure 6-34 illustrates the principles of the reading of perpendicularly 
recorded digits from the memory disk. The read head senses only the changes 
in the magnetized state of the recording medium which induces essentially 
triangular voltage pulses in the coil, A positive pulse represents a change 
from a binary to a binary 1, and a negative pulse represents a change from 
a binary 1 to a binary (figure 6-32), For a succession of similar binary 
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Figure 6-34. Perpendicular Reading Diagram, 
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digits (bits), the first bit is reproduced as a pulse and the succeeding bits have 
a 0-volt level. The magnetic block extensions around the pole tip fehield the 
coil from adjacent recorded channels to ensure that only the information in the 
channel addressed will be reproduced. 

Erase Heads 

All seven loop-register erase heads are similar in construction to the 
write and read heads, but a permanently-magnetized wire replaces the lami- 
nated core. The erase head magnetic field changes previously recorded flux 
patterns on the memory disk to the same polarity. Each recorded bit is auto- 
matically erased after the read head reproduces the bit and stores it in a 
read amplifier. 

Main Memory Storage Arrangement 

Each of the 64 main memory storage channels is divided into 64 memory 
locations or sectors, each with a storage capacity of one word composed of 
41 bits (one sync bit and 40 information bits). The storage capacity of each 
channel is thus 64 words, or 26Z4 bits. Each 40-bit information word can re- 
present a pair of commands, a number, or five alphanumeric characters. 
Each bit occupies a space in a channel equal to one clock pulse time; each 
word, a space equal to 41 clock pulse times. The bit times thus are estab- 
lished by the clock pulses generated by the sine wave recorded in the clock 
channel (refer to Timing Control in this section). 

Both the main memory channels and the word sectors within each channel 
are designated by the octal numbers 00 through 77. Each memory location 
thus has an "address" composed of four octal digits with the first two spec- 
ifying the channel and the last two the sector within the channel. The compu- 
ter records one word in (or reads one word from) a designated word sector 
of a designated channel as directed by commands stored in the memory. 
These commands specify whether recording or reading is to be performed and 
contain the addresses of the channel and sector in or from which recording 
or reading, respectively, is to occur. The bits of a word are processed in 
serial order in the direction of disk rotation, that is, the least significant 
information bit is recorded (or read) first (refer to figure 2-3). 

Write heads are numbered octally W-. through W__, and read heads are 

numbered octally M_ through M__. The write heads are separated from the 
read heads by 180 degrees on the memory headplate. 

The last 16 word sector addresses of channel address 77 are reserved 
for designating word locations in the rapid-access loops. Since these sector 
addresses are not available for specifying word locations in main memory, 
the addressable storage capacity of main memory is 4080 words. 



Timing ContrQl 

Timing control signals recorded on the memory disk synchronize the 
serial operations of the computer. A sine wave in the clock channel estab- 
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lishes the basic bit times during each cycle of operation, and special bit 
patterns in the origin-sector channel synchronize the computer after initial 
application of power. Following initial synchronization, sector pulses synchro- 
nize memory writing and reading processes with other computer operations. 
These basic timing signals operate in conjunction with a binary digit (bit) 
counter and special timing flip-flops and gates in the control of every computer 
sequential operation. 

The sine wave in the clock channel has a frequency of 2624 cycles for each 
revolution of the memory disk (figure 6-35). Each cycle defines one bit time 
in the memory storage format. The sine waves are shaped into square-wave 
signals in the clock power amplifier circuits, where their time durations are 
adjustable to provide clock pulses with a 1. 75-microsecond true portion and 
a 4. 62-microsecond false portion. These clock pulses provide the timing 
for the triggering of all logic flip-flops in the computer. 



CLOCK PULSE TIME s^ 




Note: Clock channel contBtns 2624 
magnetized sine wave cycles, 
41 cycles per word sector 



Figure 6-35. Clock Channel Waveforms. 

Outputs of the six logic flip-flops comprising the bit counter define the 
bit times T, through T^, which constitute one word time. After the initial 

application of power to the computer, the flip-flops change state at the true- 
to-false transition of each clock pulse. The clock pulses thus establish the 
bit times. However, tne computer timing requires syncuronizaLion Oi. ^i^e uii. 
counter output with that of the clock channel to ensure that the counter begins 
the bit count at time T- of the first word in sector 00. The following para- 
graphs describe how this is accomplished. 

Word sectors in the origin-sector channel are numbered octallv in the 
same manner as those of the main memory. Sector 77 of the origin- sector 
channel contains recorded binary O's in every bit position in contrast to each 
of the other sectors which contain at least one binary 1 in some bit position. 
These binary- 1 bits prevent the counter from completing a full cycle until the 
occurrence of sector 77. The last bit position of channel 76 contains a binary 1 
which resets all bit counter flip-flops to zero just prior to the occurrence of 
sector 77. The binary O's in sector 77 then have no effect upon the state of the 
counter flip-flops, and the counter completes a full cycle and 1-sets timing 
flip-flop T, at the first digit time of sector 00 in coincidence with the first 
clock pulse. 
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Timing control flip-flops T^ and T^^ provide the signals signifying the 
beginning and end of each word. T^ is not set to the true state until the bit 
counter is synchronized with the clock signal; however, T ., is initially set 
to the true state at the beginning of synchronization, then alternately 0-sets 
itself with each binary and is 1-set with each binary 1 detected in the origin- 
sector channel. At sector 77, T^, remains in the false state, which allows 
the bit counter to complete its cycle and thus effect synchronization with the 
clock signal and of the computer. The logic involved in this synchronization 
is described in section 7 of this manual. 

Flip-flops Nj and N^ provide additional timing control over various 
functions as determined Hby the computer operational modes. 



Logic Control 

Logic control ensures that all operations specified by the instructions 
are performed in the correct mode and in proper sequence. Basic control 
elements are logic flip-flops operating in conjunction with the two control 
registers and the origin-sector channel. The states of the flip-flops define 
the logic control functions of mode designation, operation selection, loop 
and main memory selection, channel selection, and sector selection. De- 
tailed explanations of the logic involved in these control functions are in 
section 7. 



Mode Designatio n 

Three flip-flops comprise the primary elements controlling the computer 
through the various modes and in the transitions from one mode to another. 
Two other flip-flops are also utilized as control elements to designate the 
phases of operations within modes. However, both of these flip-flops also 
perform other functions on a time sharing basis. 

Operation Selection 

Six flip-flops define the type of operation to be performed by the computer. 
Settings of these flip-flops are determined by the bit configuration in the 
operation code of each command; outputs of the flip-flops then control the 
operation code gating matrix to define the type of operation specified. Some 
commands, however, use address bits in addition to those of the operation 
code in defining the type of operation. Address bits used for this purpose 
are those of the most significant, next most significant, and half-word 
indicator positions. The configuration of 1- or 0-bits in these positions 
results in settings of flip-flops whose outputs are used in logic designating 
the operation to be performed. 

A command indicator bit in a transfer command (bit position 22 or 2) deter- 
mines whether transfer of control will be to the first (left) or second (right) 
command of the command pair at the location specified. A flip-flop is 0-set 
to indicate execution of the left command and 1-set to indicate execution of a 
right command. 
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Loop-Main Memory Selection 

The process of locating commands and operands in memory requires 
designation of main memory or loop location. This designation is accomplished 
by analyzing the address of the command pair or operand desired and setting 
flip-flops as required. 

Designation of main memory or loop for commands begins with copying 
the address of the next command pair to be executed from the location counter 
to the Z-register. Simultaneous with this transfer, the bits representing the 
address are monitored for zeros and ones in strategic positions. A 0-bit in 
any position Z7 through 34 indicates a main memory location and a flip-flop 
is 0-set for this condition. A 0-bit in position Z6 indicates an L-loop location; 
a 1-bit in this position, a V-loop location. If a loop location is specified, the 
flip-flop designating loop location is 0-set for an L-loop address and 1-set for 
a V-loop address. Setting or resetting of either flip-flop completes the loop- 
main memory selection process; this action is followed by selection of the 
word sector in which the command pair or operand is located and read out 
into the B-register. 

The address of an operand, when required, is analyzed for loop or main 
memory location in a manner similar to that for commands. However, the 
analysis is made simultaneous with transfer, from the B-register to the Z- 
register, of the command pair containing the operand. A 0-bit in any position 
27 through 34 for left command or 7 through 14 for right command indicates 
a main memory location. A 0-bit in either position 26 for left command or 
position 6 for right command indicates, respectively, an L-loop or V-loop 
location. 

Loop-main memory selection for an operand at an indexed address is 
performed in the same manner as that at an unindexed address. Determination 
of indexing requirement is made while the command pair is being transferred 
from memory to the B-register, and is performed by analyzing the sign bit 
of the right command. A 0-bit in this position (bit position 21) signifies the 
operand is to be procured from an indexed location; a flip-flop is then set 
to indicate this requirement. 

Channel Selection 



The channel address code, held by six flip-flops, controls the gating of 
the write and read switching networks in the selection of a designated memory 
channel. After the desired sector has been located during the sector selection 
phase, outputs of these flip-flops enable the write or read head of a selected 



Sector Selection 

Sector selection determines the sector location of a designated command 
or operand in the memory. The Z-register, the origin sector channel, and 
several associated flip-flops comprise the sector selection elements. 
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Selection of the desired sector begins when the sector address in the Z- 
register is serially compared with the recorded sector digits in the origin- 
sector channel. A flip-flop registers the output of the origin-sector read 
head as it passes over the origin-sector channel on the memory disk. The 
sector agreement flip-flop is set to the false state at the beginning of the 
comparison period and does not change state if sector agreemient occurs. 
When sector agreement occurs, a flip-flop is set to the true state to gate the 
contents of the selected memory location into the B-register. The com- 
parison procedure is the samie for the location of either a command or operand. 



Loops and Registers 

All of the 8-word loops and 1-word registers of the computer are of the 
recirculating type; that is, information therein constantly passes through a 
continuous closed loop formed in part by memory disk bit positions and in 
part by flip-flops. Most of the storage is comprised of the disk bit positions, 
with the amount of storage in flip-flops varying between the individual loops 
and registers. The L- and V-loops and the G- and Z-registers each have 
only one write amplifier flip-flop and one read amplifier flip-flop. Of the 
remaining registers, the A-register has six flip-flops, the R-register has 
four, and the B-register has three (including the write and read amplifier 
flip-flops). Two additional flip-flops are often used as an integral part of 
the R-register; however, these independent logic elements only extent the 
loop-length of the register under certain circumstances. 

Figure 6-36 illustrates operation of a typical recirculating loop or register 
during recirculation. The register shown is the A-register in which flip-flop 
A^ is the read amplifier and flip-flop A , the write amplifier. Operation of 

the loops and the other registers during recirculation is similar except for 
the number of flip-flops involved. 

Writing and reading processes are similar for all loops and registers. 
Information to be recorded enters the loop or register at the write amplifier 
flip-flop, data to be reproduced leaves the loop or register at the read 
amplifier flip-flop. Reading from a loop or register does not alter its 
contents. 

During recirculation, the write head records each bit of a word in that 
portion of the channel allocated to the register. As the disk rotates, the 
read head reproduces each successive bit and the read amplifier flip-flop 
immediately stores each bit until the occurrence of the next clock pulse. A 
binary 1 from the disk sets the read amplifier flip-flop to the true state, and 
the unprimed output produces an output representing a binary 1; a binary 
from the disk resets the read amplifier flip-flop to the false state, and the 
primed output produces an output representing a binary 0. The flip-flops 
circulate each successive bit around the loop as they change state in co- 
incidence with each clock pulse. Thus, for example, a bit stored in A,, 
(figure 6-36) produces a like bit at the output of A^ when the next clock 
pulse occurs. A^ does not change state if a succeeding bit is the same as 
the previous bit, but continues to register the same output. This serial 
progression of the bits aroung the loop continues until a bit originally copied 
from the disk is recorded back onto it by the write head. 
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Figure 6-36. Typical Circulating Register (A-Register). 

Substitution or revision of the contents also is accomplished in essentially 
the same manner in all loops and registers. New information, in the form of 
0- and 1-bits, is transmitted via a write amplifier flip-flop to the appropriate 
write head which, in turn, records the new data on the disk. When the disk 
rotation places the new information under the read head, the new contents are 
reproduced by the read head and sent to the read amplifier in place of the old 
data. Recirculation then is resumed in the same manner as previously de- 
scribed. 

The processes of writing, reading, and recirculation in the loops and 
registers are directed by the computer logic as prescribed in the various 
modes and commands. These processes are described generally in the fol- 
lowing paragraphs and in detail in Section 7, Logic Description, in this manual. 
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Rapid-Access Loops 

Each loop has a capacity of eight words and utilizes 8 of the last 16 
word sectors of main memory channel 77 as addresses. The L-loop addresses 
are niimbered octally from 7760 through 7767; the V-loop, from 7770 through 
7777. ^ 



Writing into or reading from both loops can be accomplished directly 
(without transfer from or to main memory) by several commands when a 
loop location is specified. Transfers of information can be effected into each 
of the loops separately from any of the 64 main memory channels. Information 
can be transferred only from the L-loop, however, to any of the 64 main 
memory channels. Quantity of words transferred between main memory and 
a loop can be any number from one through eight, with the exact quantity 
determined by the least significant octal digit of the main memory address. 
Transfer of words is always in agreement with ascending memory address' 
s equence. 

Each loop consists of a write amplifier, a read amplifier, and 3Z6 con- 
secutive bit positions in the loop-register channel. The bits circulate around 
the loop as the disk rotates. The L-loop write head is designated L and the 

w 
read head, L ; the V-loop write head is identified V , and the read head V 

^ w X ° 

Additional read heads for each loop are located midway between the write 
and prim.ary read heads, but are not utilized in the RECOMP III computer. 
The primary write and read heads for each loop are separated by eight word 
lengths on the memory disk. 



Control Registers 



The control registers (Z and G) and their associated logic circuits perfo. 
many of the control functions required in the location, storage, modification, 
and execution of commands and in the handling of data. Consisting of a write 
and read amplifier and 39 bit positions in the loop-register channel, the Z- 
register stores the command pair being executed; it is not addressable by 
the programmer. The G-register, also consisting of a write and read ampli- 
fier and 39 bit positions in the loop-register channel, contains storage space 
for the location counter, index register, and character counter (figure 6-37). 
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Figure 6-37. G-Register Functional Bit Allotments , 

Occupying bit positions 22 through 34 of the G-register, the location 
counter stores the memory address of the next command to be executed. 
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These bit positions correspond to the bit positions allocated to the sector and 
channel addresses of theleft command in a command pair (figure 2-3). Thus, 
the bits in positions 23 through 28 indicate the sector location of the next 
command pair, and the bits in positions 29 through 34 indicate the channel 
location of the next command pair. Normally, the computer executes the 
left command of a pair first, but transfer of control corrimands permit the 
execution of the right command of a sequential or non- sequential location first. 
Commands to be executed are normally stored in consecutive memory loca- 
tions, and the address in the location counter is increased sequentially by one- 
half count each time a command is executed. Each full count then indicates 
the location of the next command pair. The computer thus is automatically 
directed to execute the commands in sequence until a transfer of control 
command is indicated. When a transfer of control command is encountered, 
the location counter is set to the memory location specified in the transfer 
command. This new location indicates to the computer logic the location 
of the next command to be executed. The LOCATION COUNTER indicators 
on the control console display the address location of the next command 
when the computer is in a non- compute mode. 

The index register occupies bit positions 2 through 14 in the G-register. 
Indexing constitutes the modification of memory addresses by the subtraction 
of indexing bits in bit positions 3 through 14 from the address bits in the 
corresponding bit positions of a selected command. A binary in bit position 
21 of a command orders indexing, which greatly reduces programming time 
by permitting a given command to be executed repeatedly using different 
data each time. 

Located in bit positions 35 through 40 and 15 through 20 in the G-register, 
the character counters tally the quantity of characters input and output and 
the number of shifts performied on a word. During input or output operations 
the complements of bits in positions 3 through 8 (for right commands), or 
23 through 28 (for left commands), are transferred to bit positions 15 through 
20 and 35 through 40, respectively, of the G-register. The appropriate counter 
then counts the number of characters input or output from 1 to 128. Counting 
of characters is terminated when the counter contains all binary I's. During 
shifting operations, the character counter functions in a similar manner to 
count the number of shifts indicated. Bit positions 35 through 40 are utilized 
for left commands and 15 through 20 for right commands. The character 
counters are also utilized for counting word times during miltiplication and 
d ivision. 



Arithmetic Registers 

The arithmetic registers A, B, and R operating in conjunction with 
various logic circuits perform the basic computer functions of addition, sub- 
traction, multiplication, and division (including those of floating point when 
the computer incorporates this capability). In the execution of arithmetic 
commands, the registers operate also with two flip-flops which, during com- 
putation, form an adder-subtractor , The three arithmetic registers also 
perform many semi-arithmetic and control functions. In these functions 
however, the arithmetic registers usually operate with logic circuits other 
than those used in arithmetic operations. 



6-58 



The A-register (accumulator register) stores information in six flip-flops 
and in 35 bit positions of the loop-register channel. In arithmetic computations, 
this accumulates all or a portion of the result of each computation. In most other 
operations, the A-register holds and acts upon the operand. 

The B-register (number register) utilizes three flip-flops and 38 bit positions 
in the loop-register channel. In arithmetic operations the B-register holds the 
number from memory that will be applied against a number in the A-register. 

The R-register (remainder register) stores its contents in four flip-flops 
and in 37 bit positions in the loop-register channel. At the completion of 
multiplication, this register contains the least significant half of the product. 
In the division process, the R-register holds the least significant half of the 
dividend prior to the division and the remainder of the quotient at completion. 
(The A-register contains the other portions of the quotient, product, and dividend 
in these computations.) 



Arithmetic Elements and Processes 



Principal computer elements involved in performing the arithmetic 
processes are the three arithmetic registers and the adder-subtractor consisting 
of sum-difference flip-flop S and computation carry-borrow flip-flop K . Other 
computer elements such as the memory write-read circuitry and the control 

registers are utilized also; however, these other elements perfornn associated 
functions which generally enter into virtually all computer operations. 

The registers and adder-subtractor form the principal computation elements 
for both the fixed and floating point arithmetic processes. However, when the 
computer is equipped with floating point arithnnetic capability, four additional 
flip-flops and a number of both primary and secondary gates aid in controlling 
the computation processes. 

Nine circuit boards are added to enable floating point arithmetic capability. 
These are a flip-flop board and eight floating point logic boards. The flip-flop 
board is the same as the other flip-flop boards utilized in the computer. However, 
the configurations of the gates on the floating point logic boards differ from the 
configurations on the other logic boards in the computer and vary from one 
floating point logic board to another. 

The floating point flip-flop circuit board is installed at connector J328 in 

the computer chassis and contains flip-flops F , F , E , and ISf . The computer 

3. in c z 

utilizes F during floating point addition and subtraction functions and F during 

floating point multiplication and division functions. Flip-flop E is the comparison 
flip-flop for floating point addition, subtraction, and division; flip-flop N is the 
normalization flip-flop for floating point addition, subtraction, and multiplication. 



6-59 



Floating point logic circuit boards No. 1 through No. 8 (figures 7-45 through 
7-51 of the RECOMP III Service Manual) connect to J325 through J318, res- 
pectively, and contain gating elements for the control of the floating point arith- 
metic functions. Because arrangement of the gating circuits on the individual 
boards differs, the boards are not interchangeable. Operation of the logic 
gates on the boards is the same, however, as those described in this section 
under Logic Circuits. 

All computations are performed in the binary numbers system and in 
serial progression beginning with the least significant bit of each word. The 
computer performs multiplication and division in variations of the addition 
and subtraction computations. General procedures used by the computer in 
the performance of the arithmetic processes are described in the following 
paragraphs. The procedures of the fixed point arithmetic processes are 
discussed first; these are followed by analyses of the floating point arithmetic 
processes. Detailed procedures are presented in Section 7, Logic Descrip- 
tion, of this manual. 

Fixed Point Arithmetic Processes 



In fixed arithmetic, the programimer assumes the binary point (analogous 
to decimal point) to be between the sign of a number and the most significant 
digit of the number. Thus, the numiber is considered to have an absolute value 
of less than one. 

For fixed point addition and subtraction, numbers to be operated upon must 
have equal exponents prior to computation to obtain meaningful results. This 
equality can be obtained by either (1) manually scaling the numbers to equal 
exponents before entering them into the computer or (2) by shifting them, 
through programming, to equal scaling at some time following their entry. 

In fixed point multiplication and division, numbers need not have equal 
exponents prior to performing computations with them. However, in division, 
hand-scaling or shifting of the numbers through programming to a lesser 
exponent may be necessary to ensure against obtaining a quotient equal to or 
greater than one which causes overflow. Also, in both multiplication and 
division, shifting of the result through programming, may be desirable to 
obtain a more easily interpreted result. 

Binary Addition 

In the execution of an add command, the computer algebraically adds 
an addend from a selected memory location to an augend in the A-register, 
Because the computer performs absolute addition of both positive and negative 
quantities, the procedure employed in executing an addition command depends 
upon the signs of the operands (numbers to be added). The computer performs 
absolute addition when the operands have like signs and performs absolute 
subtraction when the operands have unlike signs (refer to Binary Subtraction). 

In executing an add command, the com.puter first copies the selected word 
from memory and stores it in the B-register. The contents of the B-register 
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are then added to that of the A-register, which then stores the sum of the two 
quantities until it is processed further or placed in memory. Original contents 
of the selected word are unaltered and remain in the same memory location. 

The computer utilizes the same computation methods to perform addition 
as those employed in manual calculations. First, the computer adds the two 
least significant digits, one from each operand, records the sum digit, and 
temporarily stores the carry digit. Then, at the next bit time, the computer 
adds the carry digit to the sum of the next least significant digit of each 
operand. The computer continues this serial binary addition, proceeding 
successively from least significant digits to most significant digits. 

Table 6-1 is a truth table for the serial binary adder utilized in the 
computer, A^^ and B^^ are inputs to the A-register and B-register respectively, 

K^ is the carry flip-flop, and S is the sum flip-flop. Assume that the augend 

is initially stored in the A-register and the addend has been transferred from 
the memory to the B-register. During execution of the addition command, 
the digits are shifted right so that flip-flops A and B, contain corresponding 

bits at any given time. The digits in A^^, B., and the carry digit from the 

previous bit time in flip-flop K determine the sum digit, S, and the new carry 

digit. The truth table lists the eight possibilities that can occur. Note that 

the carry flip-flop, K^ , changes from to I only when A, and B, are both 

a II 

true and from 1 to only when A and B. are both false. These are the 

conditions which prevail for the absolute addition of operands which have like 
signs. When the signs of the operands are unlike, the adder becomes a sub- 
tractor as noted previously, and K remains in the same state. K must be 

a a 

zero at the beginning of each computation cycle. 

The adder requires two computation cycles (two word-sector times) to 
complete the execution of an addition command. The A-register and B-register 
contain the operands at the beginning of the first cycle. During the first bit 
time, the computer compares the signs of the A- and B- register, leaves 
operation code flip-flop D, set or resets it to its zero state to indicate whether 
absolute addition or absolute subtraction respectively, is to be performed, and 
sets R-register flip-flop R to the true state. K had been set to zero at the 

end of the previous word-sector time. Beginning with the second bit time of 

the first cycle, flip-flop R^ gates the operand digits from the A- and B-registers 

into the adder, starting with the least significant digits. Simultaneously, a 
zero is gated into the A-register. Also, with each shift right, sum flip-flop 
S registers the sum of the two digits at the output and a sum digit from the 
previous bit time is shifted back into the B-register. At the end of bit time 40 
of the first computation cycle, the B-register contains the sum of the contents 
of the A- and B-registers, the A-register contains the original binary sign bit 
of the augend, the sum flip-flop contains the sign of the addition computation, 
and the carry flip-flop contains any carry bit resulting from the computation. 
During bit time 41, the sum flip-flop copies or reverses the A-register sign 
bit depending upon the absolute values of the operands. If the A-register oper- 
and was greater than that of the B-register operand (absolute add), flip-flop 
S copies the original sign of the A-register operand. If the A-register operand 
was smaller than that of the B-register operand (absolute subtract), flip-flop 
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S reverses the original sign of the A-register operand. 

During the second computation cycle the computer first transfers the sign 
of the sum into flip-flop C^, then places the contents of the B-register (A fB) 
into the A-register. At the end of the second computation cycle, the sign 
is copied from flip-flop C^ into the sign bit position of the A-register. Thus, 
at the end of the second computation cycle, the A-register contains the sign 
and the sum of the addition computation. 

Table 6-1. Truth Table for Binary Adder. 



Inputs To Adder at Time t 



Outputs From Adder at Time t+1 



B. 



K 



K 







1 
1 
1 
1 





1 
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1 
1 




I 

1 

1 

I 




1 
1 


1 




1 







1 



1 
1 
I 



Legend: A 



, --operand digit from A-register 
B - -operand digit from B-register 
K --carry digit flip-flop 

a. 

S sum digit flip-flop 



Binary Subtraction 

In executing a subtract command, the computer algebraically subtracts 
a subtrahend from a selected memory location from a minuend in the A-register, 
As in binary a\avaiLion, une procedure empxoyeva uy une compuuer lO execucc a 
subtraction command deoends uoon the signs of the operands (numbers to be 
subtracted). Absolute subtraction is performed when the operands have like 
signs, absolute addition when the operands have unlike signs (refer to Binary 
Addition). 

The computer first copies the selected word from the memory and stores 
it in the B-register. Next, the contents of the B-register are subtracted from 
that of the A-register, which stores the difference sum until it is processed 
further or placed in memory. Original contents of the selected word remain 
unaltered in the same niemory location. 
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The same computation methods are used in the computer to perform 
subtraction as those employed in manual calculations. The computer first 
performs a subtraction on the two least significant digits, one from each 
operand, records the difference digit, and temporarily stores the borrow 
digit. This serial binary subtraction then continues, proceeding successively 
from least significant digits to most significant digits. 

Table 6-2 is a truth table for the serial binary subtractor utilized in the 
computer. Note that the difference digits are identical in all cases with the 
sum digits of the binary adder. This means that the sum flip-flop can also 

be utilized to generate the difference in binary subtraction. K which now 

" ' a 

contains the borrow binary digit, changes from to 1 only when A' and B 

are true and fronn 1 to only when A, and B' are true. These are the 

conditions which prevail for the absolute subtraction of operands which have 

like signs. When the signs of the operands are unlike, the subtractor becomes 

an adder, and K remains in the same state, 
a 

Table 6-2. Truth Table for Binary Subtractor. 



Inputs to Subtractor at Time t 



Outputs From Subtractor at Time t+1 



B, 



K 



K 








1 
1 
1 
1 
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1 




1 
1 





1 



I 



1 



1 









1 


1 


1 


1 
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1 


1 



Legend: -A^-- operand digit from A-register 
B.-- operand digit from B-register 
K -- borrow digit flip-flop 
S difference flip-flop 

As with the adder, the subtractor requires two computation cycles to 
complete execution of a subtraction command and performs the computation 
in the same serial m:anner. The state of operational code flip-flop D, again 

determines whether the circuit will function as an adder or a subtractor in the 
execution of a subtract command. If the operands have like signs, D, remains 
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in the false state to indicate subtraction; if the operands have unlike signs, 
D. is then set to the true state to indicate addition. These conditions are tl 

opposite of those which prevail for an add command. 



When performing a subtraction, the logic associated with the arithmetic 
elements differs in several respects from that involved during an addition. Inputs 
to the subtractor from the A- and B- registers are a combination of the unprimed 
and primed outputs of A. and B. , which change the state of K rather than a 

combination of two primed or two unprimed outputs which svipply the inputs to K 

3. 

when used as an adder. Also, since in subtraction there is no requirement to 
add the carry digit in each calculation, the B-register loop is shortened by one 
bit time as a compensation. The computer achieves this compensation by trans- 
ferring the difference into flip-flop B ._ rather than into B ., as is done in addition. 

In effect, then, flip-flop S replaces flip-flop B., in the 41 - bit B-register. 



Binary Multiplication 

In the execution of a multiplication command, the computer algebraically 
multiplies a multiplicand from a selected nnemory location by a multiplier in the 
A-register. The product that results from the computation is composed of 78 
binary digits, with the 39 most significant digits of the product appearing in the 
A-register and the 39 least significant digits in the R-register, Sign of the 
product appears in the sign bit position in both the A- and R-registers. 

The multiplication process consists of successive multiplications of the 
multiplicand by each digit of the multiplier, a left- shifting of the result of 
each step by one digit, and the addition of the result of each step to the result 
of the previous step to form a partial product. Addition of the results of the 
final step to the previous partial product yields the final product. The adder- 
subtractor performs the necessary addition in each step of the multiplication 
computation. 

Two computation cycles are required to complete the execution of a 
multiplication command. The first cycle extends through one word-time and 
the second cycle extends through 39 word-tiines. Timing for the second 
cycle is controlled by the character counter which terminates the computation 
at the end of the 39thword-time. 

During the first computation cycle, the algebraic sign of the product is 
determined and appropriately stored. The signs of the multiplicand and the 
multiplier are sensed and the result, which will be the sign of the product, is 
stored in flip-flop C^ for subsequent copying into the sign bit position of both 

the A-register and R-registers at the completion of computation. 

During the second computation cycle, flip-flop S in the adder-subtractor 
generates a new partial product during each word time of the cycle. 
Each new partial product is the sum of the previous partial product and either 
the multiplicand or zero. The computer then transfers the partial product 
back into the A-register and shifts it one digit to the right as required. The 
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shift is accomplished by transferring the partial product into A-,™ rather than 

A.Q, thus decreasing the A-register length by one bit position. Logic used for 

the sum and carry flip-flops in the adder -subtracter is identical to that used 
for addition and subtraction. 



Binary Division 

In executing a division command, the computer algebraically divides a 
double -length dividend in the A- and R-registers by a divisor from a selected 
memory location. The R-register holds the 39 least significant digits of the 
dividend. At the end of the divide process, the 39-bit quotient is in the A- 
register and the remainder in the R-register. Sign of the quotient appears in 
the sign bit position of the A-register, the sign of the remainder is the same 
as the sign of the quotient. 

The division process consists of successive subtractions of the divisor 
from the full and reduced dividend, the addition of any over-borrow to the 
reduced dividend, and a left-shifting of the reduced dividend to properly posi- 
tion the divisor at each step. The adder- subtracter circuit performs the 
necessary addition and subtraction in each step of the division computation. 

Two computation cycles are required to execute a division command. 
The first cycle extends through one word-time and the second cycle through 
40 word-times. Timing for the second cycle is controlled by the character 
counter, which ternninates the computation at the end of the 40th word-time. 

During the first computation cycle, the algebraic sign of the quotient 
and remainder are determined and stored. The algebraic sign of the quot- 
ient is determined by sensing the signs of the dividend and the divisor. Sign 
of the quotient is then stored in flip-flop Cy until it is copied into the sign 
bit position of the A-register at the end of the computation. The sign of the 
remainder, which is always the same as that of the dividend, is copied immedi- 
ately' into the sign bit position of the R-register where it remains \intil the 
computation is completed. Also during the first cycle, the computer performs 
a subtraction of the contents of the B-register (divisor) from the contents of 
the A-register (dividend) to test for possibility of overflow (dividend equal to 
or greater than divisor) and begins the division process. The computer then 
transfers the difference from sum-difference flip-flop S into the A-register . 
This action produces a one-digit left shift of the A-register. The left shift 
results in a reduced dividend and constitutes the first step in the division 
process. If there was no overflow, the computer then begins the second com- 
pitaibn cycle. But if overflow was detected during the initial subtraction, 
overflow error flip-flop J is 1-set at the end of the first computation cycle 

to light the OVERFLOW indicator on the control console. 

In the second computation cycle, the computer successively subtracts 
the divisor from a reduced dividend during each word-time of the cycle 
except the last. The computer transfers the difference -sum back into the 
A-register at the end of each word-time and shifts the reduced dividend one 
digit left. At the end of each word time (except the first) the adder -subtracter 
either continues the subtraction process, or reverts to addition to 
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combine an over-borrow with the reduced dividend as required. Word-time 
40 of the second cycle is reserved to de-complement the remainder when 
the contents of the A-register are the complement of the R -register with 
respect to the divisor. This ensures that the, quotient precedes the remain- 
der in readout of the result. 



Floating Point Arithmetic Processes 

In floating point, format, a w^ord consists of a sign bit, an 8-bit character- 
istic, a 31-bit mantissa, and a sync bit (figure j?-^). The characteristic 
(exponent) is a binary integer with a range of 2 =256; the mantissa appears 
as a binary fraction less than one, which is the same form as fixed point 
numbers. If the most significant bit to the right of the assumed binary point 
is a binary 1 (indicating the fraction has a value between 0, 5 and 1, 0), the 
mantissa is said to norinalized. 

As in fixed point addition and subtraction, floating point numbers to be 
operated upon must have equal exponents before computation begins. However, 
in the floating point addition and subtraction processes the computer performs 
the denormalizing and normalizing (scaling) necessary to obtain equal exponents 
and a properly-scaled result. Likewise, the computer automatically 
compensates for overflow (dividend equal to or greater than divisor) in floating 
point division and automatically produces an easily interpreted result in both 
floating point multiplication and division. 

The two operands in a floating point arithmetic computation are initially 
transferred to the A- and B-registers as in fixed point computations. Result 
of all floating point computations appears in normalized form in the A-register. 

Floating Point Addition and Subtraction 

The two operands in the A-and B-registers must have equal exponents 
before addition or subtraction on the fractional portions can be accomplished. 
When the exponents are initially equal, standard fixed point addition or sub- 
traction occurs. If the exponents are unequal, the operand with the smaller 
exponent is denormalized in the A-register until exponent equality is attained. 
The smaller operand is denormalized by successively shifting the mantissa 
one digit to the right, inserting zeros in the vacated bit positions, And aug- 
menting the exponent by a value of one at each shift until the two exponents 
are equal. 

Flin-flnn K is utilized durina the first word time of addition and sub- 

— — I- 1^ -- -- o 

traction to compare the numerical value of the two operands. If the B-register 
operand is smaller in value, it is transferred to the A-register; if the A-regis- 
ter operand has the smaller value, the contents of the two registers are re- 
circulated. 

During the second word time, the operation is terminated if the most 
significant fractional digits of each operand are zeros. Comparison of the ex- 
ponents also occurs at this time, with E as the comparison element. If the 
exponent in the A-register is not equal to that in the B-register, the A-register 
operand is denormalized during succeeding word times until the two exponents 
are equal. Following equalization of the exponents, fixed point addition or 
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subtraction is performed for two word times, utilizing the adder-subtractor. 
It the result of the computation in the A-register is not already in normalized 
form, the mantissa is normalized by shifting it left and then the exponent is 
decremented by one for each bit shift of the mantissa until exponent normali- 
zation occurs. As during denormalization to equalize the exponents, normalization 
of the result utilizes a varying quantity of word times as determined by the 
amount of normalization required. 

Floating Point Multiplication 

In floating point multiplication, the multiplier is initially in the A-register 
and, during the first word time, the multiplicand is transferred to the B- 
register and the character counter is set up as a 32-digit counter. During the 
second word time, the multiplier fraction is transferred to the R-register, the 
exponents are added utilizing the fixed point adder logic, and the sum of the 
exponents is transferred to the B-register. At this time the B-register contains 
the multiplicand fraction and the sum of the exponents, and computation is 
terminated if either of the factors is zero. 

During the following 31 word times, the fractional portions of the operands 
in the B- and R-registers are multiplied utilizing the fixed point multiplica- 
tion logic. However, each of the fractions contains only 31 instead of 39 digits. 
At the end of these 31 word times both the product and the exponent are in the 
A-register, the exponent having been transferred to it from the B-register 
during the latter part of the 31st word time. If the result is not already in 
normalized form, one additional word time (the 34th in the complete process) 
is required. During this final word time, the fractional portion of the res^ilt 
is normalized by shifting it left and the new exponent is decremented by one 
through subtraction. 

Floating Point Division 

In floai-infi poini. di/ision, the clividend is initially in the A-register and, 
vluring the lirsi word Lime, the aivider is transferred to the B-register and the 
character counter is set up as a 2 --dirrit counter. Also, consideration is given to 
a possible ovejflow condition, which will occur if the dividend is equal to or 
greater than the divisor. Assuming normalized, a 1-bit denormalization of 
a larger dividend prior to division computations ensures that no overflow occurs. 

Comparison flip-flop E is utilized to determine the comparative values 
of the fractional portions of the two operands during the first word time. If 
the divisor is larger than the dividend, the computer initiates the fixed point 
divide sequence. However, if the dividend is larger than the divisor, the 
dividend fraction is denormalized by one bit to make the divisor the larger. 

During the second word time, one subtraction is performed on the frac- 
tional portions and the difference is transferred to the A-register and pre- 
cessed left one digit. An overborrow occurs when the divisor is larger than 
the dividend, and this condition must be corrected to avoid an extra sub- 
traction which would affect the exponent. A 1-bit is added to the A-register 
to compensate for the denormalization and the overborrow. The two ex- 
ponents are also subtracted during the second word time, and the difference 
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is transferred to the B-register. 

When dividing a large number in the A-register by a small number in the 
B-register, an exponent overflow will occur. If the reverse is true, an 
exponent underflow condition will occur. Flip-flop J^ is utilized to detect 
these conditions, but termination does not occur in either case. If the dividend 
or divisor is a zero, the operation is terminated during the second word time. 

After the end of the second word time, the computer enters the standard 
fixed point divide sequence for 31 word times. The quotient bit obtained at 
each word time is placed in the R -register which holds each bit until all 
quotient bits are transferred to the A-register during the word time following 
the 31st word time of the fixed point sequence. Also during this same final 
word time (the 34th of the complete process), the new exponent also is trans- 
ferred to the A-register from the B-register. No normalization is necessary 
on the result of a floating point division. 



CONTROL CONSOLE 

The control console provides the principal means for manually directing 
and visually monitoring operations of the computer system. In addition to the 
operating controls and indicators, the control console also contains test jacks 
for external monitoring of various internal signals during maintenance. Dur- 
ing input-output operations, various control console elements operate in con- 
junction with the controls and indicators on a designated device. 

Interconnecting wiring diagram of the control console is shown on figure 
7-54 of the Service Manual. Connector P901 on the control console cable 
assembly connects to receptacle J901 in the computer desk well. P90I and 
J901 have complementary pin numbers with Red-Al on P901 connecting to 
Red -A6 on J901. The remaining seven sections of the connector and recep- 
tacle have similar connections. Components of the control console are illus- 
trated on figures 6-38 and 6-39; their functions are described in the following 
paragraphs. 



Controls 

All controls on the control console, except the POWER ON-OFF switch, 
receive -12 volts from the computer power supply. Contacts of the control 
console switches then generate logic, -12-volt, true signals which define 
the computer operational modes, select peripherial input-output devices, syn- 
chronize the logic circuits for location reset, and initiate the bootstrap routine, 

POWER ON-OFF Switch 



Momentary depression of the ON portion of the ON-OFF switch applies 
115-volt, 60-cycle, single phase power to the computer power supply which, 
in turn, supplies -100-volt d-c power and controls 115-volt a-c power to the 
computer system elements. 
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When stopping the computer, depression of the POWER OFF switch for 
a period of 1/Z second removes power from the computer. 



OPERATION Selector Switch 



The OPERATION selector switch is a single-pole, triple-throw switch 
which, through its various positions, determines several general courses of 
action to be followed by the computer (figure 6-40). Two of the three switch 
positions are labeled on the control console; these are the CONTINUOUS and 
SINGLE COMMAND positions. The center switch position, which is not iden- 
tified on the control console, is the halt position. In the SINGLE COMMAND 
position, the selector switch acts as a momentary position switch, returning 
to the halt position automatically upon release. 



CONTINUOUS 



(Halt) 



CR3 

-M- 



CRl 

-w- 



-12V 



SINGLE COMMAND 
(Momentary Position) 



OPERATION SELECTOR 



Figure 6-40. Operation Selector Simplified Schematic. 

Normally, the OPERATION selector switch is set to the halt position before 
the initial application of power to the computer. When power is applied, the -12 
volts present at the movable switch contact produces halt signal H and causes 
diode CR3 on TBI of the control console to conduct and produce single command 
signal C. Signal H and other signals cause a 0-bit to be inserted in the sign 
position of the G-register to enable computation to occur when the OPERATION 
selector switch is placed at CONTINUOUS or SINGLE COMMAND position. 
However, signal C serves no function until computation occurs and then is 
halted by return of the OPERATION selector switch to halt from CONTINUOUS 
or SINGLE COMMAND position. 

Placing the OPERATION selector switch in CONTINUOUS or SINGLE 
COMMAND position causes generation of com.pute signal H'. This signal along 
with others initiates the compute sequence. When computation is terminated 
by movement of the switch to halt position, two actions occur: first, H and 
other signals cause the location counter to be set to zero and second, C and 
other signals 1-set the sign position of the G-register which, in turn, causes 
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a 1-bit to be circulated through the G-register to 1-set G, at the next T.. time. 
The 1-setting of G, then terminates the compute sequence at the end of the 
current command, and the computer sequences to the idle mode. 

In the SINGLE COMMAND position, the OPERATION selector switch 
generates signals H' and C' simultaneously through the conduction of diodes 
CRl and CR2 , respectively, on TBI of the control console. Signal H' initiates 
the compute sequence, and C terminates the sequence after the execution of 
a single command. Capacitor CI ensures that single command operation is not 
affected by switch contacts bounce. 

LOCATION RESET Switch 

The LOCATION RESET switch is a dual-purpose, pushbutton switch 
utilized for logic initializing and origin-sector channel readout (figure 6-41), 
This switch should never be actuated for either function until the OPERATION 
selector switch has been set to the halt position. 

Depression of the LOCATION RESET switch generates origin-sector channel 
read signal R and, during depression and release, momentarily generates 

logic initializing signal T by the application of -12 volts from contact 1 to 

contacts 3 and 2, respectively. R serves no function with the OPERATION 

selector switch set to the halt position. T, serves the same function as 

does delay start signal T, during computer synchronization. 

(T, results from an open condition at normally-closed contacts 8 and 10 

of power supply relay K6 at the initial application of power to the computer. 
This open condition enables seven single-input "and" gates when the clock 
signal is received following positioning of the disk. The output signals of 
the "and" gates maintain the computer in the synchronization mode during 
the last 10 seconds of the 40-second delay period. Following this 10-second 
delay, contacts 9 and 10 close to apply a ground to the logic driver; this 
grounding inhibits the logic initializing gates). 

During operation subsequent to computer synchronization, a f6-volts 
from terminal board TBI in the control console clamps the logic driver output 
at ground potential until generation of the T , signal by depression of the 

LOCATION RESET switch. The -12 -volt T^^ signal from the LOCATION 

RESET sv/itch drives the input transistor of the logic driver into conduction. 
This conduction supplies a true signal through relay K6 contacts to enable 
the logic initializing gates (figure 6-41). The computer momentarily enters 
the synchronization mode and then returns to the idle mode when the LOCA- 
TION RESET switch is fully depressed. This momentary initializing occurs 
again during release of the switch. As the computer enters the synchronization 
mode, the location counter is set to zero and remains 0-set until the computer 
leaves the idle mode to begin computation. 

The origin-sector channel read function of the LOCATION RESET switch 
is initiated only after the OPERATION selector sv/itch is set to CONTINUOUS 
or SINGLE COMMAND from the halt position while the LOCATION RESET 
switch is held depressed. 
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As the LOCATION RESET switch generates R , signal H' from the OPERATION 

selector switch initiates the compute sequence. R then combines with other 

signals to 1-set the sector agreement flip-flop S and flip-flop B , of the B- 

register to initiate reading from the origin-sector channel. The two flip-flops 
remain in the true state as long as the LOCATION RESET switch is held de- 
pressed. During this period B., copies the recorded load/start (bootstrap) 
and diagnostic routines from the origin-sector channel and the B- register 
write amplifier flip-flop records them into the B-register. The Z-register 
then copies the B-register read amplifier flip-flop in the usual manner for 
execution of the commands in the routines. Signals from two flip-flops inhibit 
the transfer of information from main memory and loops during origin-sector 
channel readout. 

Complete depression of the LOCATION RESET switch must be main- 
tained while the OPERATION selector is returned to the halt position after 
the completion of the origin-sector channel reading operation. Release of 
the LOCATION RESET switch again generates signal T , and the computer 

momentarily re-enters the synchronization mode before again sequencing 
to the idle mode. 

INPUT SELECT and OUTPUT SELECT Switches 

The INPUT SELECT and OUTPUT SELECT switches are identical, 
six-position, rotary switches which permit automatic or manual selection 
of input and output devices for operation with the computer. For automatic 
device selection, coding in the computer program designates the device; for 
manual device selection, the contacts of the switches generate logic signals 
which specify the unit to be used. The computer logic assigns a higher 
priority to a manually-selected device than to a program-selected unit. 
This priority gives the operator flexibility in choosing the input or output 
device to be used without changing the computer program. 

Any one of five input and five output devices can be manually selected by 
these two switches. The selected device may be either of two Flexowriter 
input or output methods, or any one of three optional input or three optional 
output devices which are compatible with the RECOMP III computer (refer to 
table 6-3). The AUTO positions of the INPUT and OUTPUT SELECT switches 
permit device selection by a computer program. Of the five switch positions 
permitting manual device selection by an operator, positions 1 and 2 select 
Flexowriter keyboard-printer and paper tape reader-punch, respectively, and 
positions 3,4, and 5 select optional input-output devices. 

The states of flip-flops C., C^, and C-, control the selection of the input 

or output device to be operated by the computer. These three flip-flops are 
set to the states indicated for each device in table 6-3 by coding a computer 
program or by manually positioning the INPUT and OUTPUT SELECT 
switches. For automatic device selection by a program, the flip-flops are 
set to the indicated states by signals from three coded bit positions in the 
channel address portion of a computer command. In manual device selection, 
however, flip-flops are set by three logic signals generated by the INPUT and 
OUTPUT SELECT avitches when set to positions 1 through 5. The flip-flop 
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states are the same both for input and for output, with selection between input 
or output device occuring as the computer enters either the input or otitput 
mode as directed by the command. Computer signal I defines the input mode 

3. 

and signal I the output mode. The applicable signalTs then combined with the 

output sigiiaTs of the three flip-flops to generate a drive signal to the desig- 
nated input or output device. . 



Table 6-3. Input -Output Device Selection 



SWITCH 
POSITIONS 


DEVICE SELECTED 


CONTROL SIGNALS 
(I and O) 


FLIP-FLOP 
STATES 


INPUT 


OUTPUT 


AUTO 


AS PROGRAMMED 




AS PROGRAMMED 


1 


KEYBOARD 


PRINTER 


40, 30, 20 


S' S' ^2' 


Z 


TAPE 
READER 


TAPE 
PUNCH 


40, 30, 21 


C^' 03' C^ 


3 


DEVICE NO. 3 


40, 31, 20 


C^' C3 c^' 


4 


DEVICE NO. 4 


40, 31, 21 


C^' C3 c^ 


5 


DEVICE NO. 5 


41, 30, 20 


C^ C3' c^' 



View a of figure 6-42 illustrates the automatic selection of an input-output 
device. During analysis of an instruction, flip-flop D/ copies flip-flop G, 

of the G-register, which causes the three coded bits in channel address 
positions 32, 31, and 30 (or 12, 11, and 10) to set C ,, C3, and C-,, respectively, 

to the states corresponding to the code of a designated device. This action is 
performed under control of timing signal N„ . Mode control flip -flop I . must 

be in the false state before N_ becomes a true signal and gates the coded bits 

into the three flip-flops. 

Manual selection of an input-output device is illustrated in view b of 
figure 6-42. The INPUT and OUTPUT SELECT switches continuously generate 

function until 1 or I_ is generated as the computer enters either the input or 
a o 

the output mode. The three signals from the switch contacts are then combined 

with I or I in device selection gates whose output signals set C ., C^, and 

C-, tcTIhe states which select the designated device. Output signals from these 

flip-flops are then coinbined with I or I in a device drive signal gate which, 

in turn, generates a drive signal to the designated device. 

Manual (switch) device-selection signals take precedence over program 
device-selection signals when the INPUT or OUTPUT SELECT, switch is set 
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from AUTO to a numbered position. Flip-flop I. is always in the true state 
when the computer is in either the input or the output mode, and the "and" 
gate which generates timing signal N_ is inhibited at these times. Because 

N_ must be true to control entry oftEe device designation code into C ., C,, 

and Q , and because the computer remains in input or output mode until the 

specified number of characters has been transferred, a program cannot 

select a device once the computer enters the input or output mode. Automatic 

device selection can only occur during instruction analysis, which always takes 

place prior to entry into the input or output mode. Signals from the INPUT or 

OUTPUT SELECT switch in conjunction with I or I can, however, change the 

a o » & 

states of the three flip-flops controlling device" selection. Therefore, if a 

program has been coded to designate a device for an input or output command, 

automatic selection will occur during instruction analysis; but if an INPUT or 

OUTPUT SELECT switch is rotatedto a numbered position, manual selection 

will assume and maintain control of device selection as soon as the computer 

enters an input or output mode. 
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Figure 6-42. 



Automatic and Manual Selection of 
Input-Output Devices. 



Indicators 

The control console contains 17 neon lamp assemblies which provide vis- 
ual indications of various computer functions while the system is in operation. 
Except on the POWER ON and READY indicators, each neon lamp has a tran- 
sistor as an integral part of the lamp assembly. The transistors function as 
switches to control the illumination of these indicators. 
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View a of figure 6-43 shows the typical supply and signal voltages at the 
terminals of a lamp assembly incorporating a transistor switch. The neon 
lamp is connected between the -100 -volt supply and ground, and the lamp is 
illuminated while the transistor is at cutoff. Collector and emitter of the 
p-n-p type transistor in the lamp assembly are connected to the -100- and -3- 
volt power supplies, respectively. The transistor is at cutoff until driven into 
conduction by the application of a -12-volt signal to the base. When a -IZ-volt 
input signal is present, the transistor conducts and causes the -100 -volt po- 
tential at the lamp to drop below the threshold level required for lamp illumi- 
nation, thus turning off the indicator. The -100-volt potential returns to its 
former value when the transistor goes into cutoff with the removal of the -12- 
volt input signal, and the lamp again illuminates. 

POWER ON Indicator 

A two-terminal neon lamp, the POWER ON indicator is illuminated by 
application of 115 volts a-c through contacts of the POWER ON switch as it 
is depressed. Relay Kl contacts form a holding circuit which maintains the 
power-on condition and keeps the indicator illuminated through normally 
closed contacts of the POWER OFF switch after the POWER ON switch is 
released. The indicator is turned off when the POWER OFF switch is depressed. 

READY Indicator 

The READY indicator, a two-terminal neon lamp, is illuminated by the 
application of -100-volt power from the bridge rectifier 40 seconds after the 
initial application of power to the computer, provided the internal temper- 
atures of the power supply and memory are within operating limits. Depres-- 
sLon of the POWER OFF switch causes the indicator to be turned off immedi- 
ately. 

COMPUTE Indicator 

The COMPUTE indicator is normally illuminated during the computer 
operation, being extinguished only during the synchronization and idle modes. 
During these modes, flip-flops I, and I are in the true state, and their 

output signals are combined in a gate which generates signal C, to mnibit 

illumination of the COMPUTE indicator. 



OVERFLOW Indicator 



Illumination of the OVERFLOW indicator occurs whenever an overflow 
condition exists in the computer. A true signal from the primed output of 
overflow flip-flop J inhibits the illumination of the indicator until the flip- 
flop is set to the true state by an overflow condition. 



Location Counter Display Indicators 

The location counter display consists of thirteen neon lamps which, 
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following a programmed or manual halt, indicate the memory address of the 
next instruction to be executed. (During computation, the display indicates 
various information according to the states of the time- shared flip-flops 
controlling illumination of the lamps. The rapid change of the display pre- 
vents interpretation). 

Two groups of six lamps each comprise the CHANNEL and SECTOR dis- 
plays which indicate, in binary form, the channel and sector portions of the 
address; the 13th or HALFWORD lamp indicates whether the first or second 
command of the pair at the indicated address is specified for execution. 
View b of figure 6-43 illustrates the grouping of the display indicators and 
shows the signals applied to control the illumination of each indicator. 
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Figure 6-43. Location Counter Display Indicators, 
Signals and Typical Voltages. 

Grouping of the lamps facilitates conversion of a memory address from 
the 13-bit binary form to the more convenient five-digit octal-binary form. 
Numbers beside each row of CHANNEL and SECTOR indicators serve as a 
medium for the address conversion. An illuminated indicator assumes the 
value indicated by its corresponding nunnber, and an indicator which is not 
illuminated assumes a zero value. The three assumed values for the indica- 
tors in each row are then added to derive one of the four octal digits in each 
memory address. Binary repre sentation of the HALFWORD indicator is 
disregarded during conversion because it only designates first half-word 
when not illuminated and second half-word when illuminated. Assuming 
that L8, L12, Lll, L9, L14, and L13 in figure 6-43 were illuminated, the 
octal-binary form of the memory address of the next instruction would be 
6203. 1 

During all computer operations except synchronization and idle, signals 
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from the primed outputs of flip-flops D. through D^, C^ through C^, and 

R control the illumination of the location counter display indicators. When 
the controlling flip-flops are in the false state, true signals from the primed 
outputs of the flip-flops drive the transistor switches into conduction, and the 
lamp supply voltage drops below the level required for illumination. When 
the flip-flops are set to the true state, the drive to the transistor switches 
is cut off and the lamps illuminate. Thus, the indicators alternately illunrii- 
nate and extinguish in varying display configurations and meanings according 
to the changing states and uses of these time-shared flip-flops. 

When the computer is in the synchronization and idle modes, these same 
13 flip-flops likewise are 0- or 1-set according to the prevailing logic. How- 
ever, mode logic prevents the flip-flop states from being changed. During 
synchronization, all 13 flip-flops are 0-set, which extinguishes all of the 
indicators. When the computer is in idle following a halt, the flip-flops are 
in a 0- or 1 -state according to the 0- and 1-bit configuration of the memory 
address in the location counter prior to the halt. The steady states of the 
flip-flops, in turn, cause the location counter indicators to constantly dis- 
play the menmory address of the next instruction to be executed. This constant 
display is established by a special operating sequence referred to as the dis- 
play mode, which is initiated immediately following a programmed or manual 
halt and prior to entry into the idle mode. 

During the display mode, flip-flop D^ (view a of figure 6-42) copies the 
command indicator (halfword) bit, the six sector bits, and the six channel 
bits of a memory address from the location counter portion of the G-register. 
The bits are shifted right through the D and C flip-flops, and R ^ copies the 
command indicator bit from Cj^. These 1 and bits set the 13 flip-flops to 
corresponding states to enable or inhibit illumination of the location counter 
display indicators, and the indicators display the memory address of the next 
instruction as the computer sequences to the idle mode. 



Test Points 

The rear of the control console contains six test points. Signals from the 
A-, R-, Z-, and G-registers and timing (sync) flip-flop T^ are available for 
external monitoring at the test points (figure 3-2). The 6tR test point is ground. 
Use of these test jacks for troubleshooting procedures and system maintenance 
is described in sections 2 and 4 of the Service Manual. 



jijpMT^QMTPiiT CIRCUITS AND PROCESSES 

The standard RECOMP III computer transmits information to an output 
device, or receives information from an input device, on up to eight parallel 
channels. Eight binary digits (bits) transmitted in parallel to or from the 
computer constitute one character during input-output operations. Each 8- 
bit character occupies eight bit positions in the alphanumeric word fornaat, 
and each word contains up to five characters. An input or output command 
to the standard computer results in the transfer of from 1 to 128 characters 
between the computer and a selected input-output device. 

During input operations the computer can process information contained 
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in any 5- to 8-channel code. Unused channels are represented in the computer 
as zeros which can be deleted or modified by programming. During output 
operations all eight channels are activated by the computer. However, infor- 
mation can be rearranged through programming to any bit configuration or 
character size required. When provisioned with the extended input-output 
register, the computer can transmit or receive on a maximum of 12 channels. 
However, the Flexowriter keyboard and printer can operate on a six-channel 
code only. During input operations from the keyboard, channels 7 and 8 re- 
flect zeros within the con-iputer. During output operations the printer repro- 
duces only the information contained in the first six channels. 

Five -channel tape can be utilized during input operations when the tape 
is turned over and the TAPE SELECT switch (SI) in the desk well is set to 
5. With the sprocket hole in the tape engaged, the switch contacts provide 
compatibility for the reversed positions of channels 1 and 5 and channels 
2 and 4. Channel 3 retains the same relative position, and it is not neces- 
sary to route signals on this channel through the TAPE SELECT switch. 

Most of the input-output logic and driver circuits which control input and 
output processes are located on circuit boards mounted on the input-output 
chassis in the desk compartment. 



Input-Output Circuits 

In a standard system, the input-output chassis in the desk compartment 
contains input-output driver circuit boards No, 1 and No. 2 and input-output 
logic circuit board No. 1 which connect to J5, J6, and J7, respectively. 
These circuit boards provide amplification and control over the transmission 
of information between the computer and the Flexowriter (figure 7-1 of Ser- 
vice Manual). Input-output logic circuit board No. 2, which connects to J8, 
aids in selection and control over transmissions between the computer and 
optional input-output devices. 

The input-output chassis also contains connectors Jl through J4 which 
interconnect the circuits between the computer, the chassis circuit boards, 
and the input-output devices. 

Schematic diagrams of input-output logic circuit boards No. I and No. 2 
are shown on figures 7-60 and 7-64, respectively, of the Service Manual. 
Figure 7-62 in the Service Manual is the schematic diagram for circuit 
board No. 1 (43995-501) in the etched circuit configuration which is utilized 
in later computer systems. A different input-output chassis (44126-501) 
must be installed in the computer when the No. 1 etched circuit board (43995- 
50 1) is used, 

Input-Output Logic Board No. 1 

Input-output logic circuit board No. 1 contains "and" gates for selecting 
Flexowriter input-output units and for amplifying drive signals for the keyboard- 
printer, tape punch, and tape reader. Amplification of the drive signals on 
input-output logic board No. 1 constitutes a reainplification as these signals 
receive an initial amplification in the computer logic drivers. Input-output 
logic board No. 1 also contains clamping and isolation circuits for various 
signals and functions. 
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Etched circuit board No. I (43995-501) contains the same general circuitry 
as the conventional No. 1 logic circuit board (43955-501) except that different 
reference voltages are used for the gates; also, input and output terminal 
numbers on the two boards are different (figures 7-60 and 7-62 of RECOMP III 
Service Manual). Connector J8 is wired differently in input-output chassis 
44126-501 to accept 43995-50 1 etched logic circuit board No. 1. 

Punch-Keyboard Driver Signal Gates 

Signal P, , is a driver signal to either the keyboard printer or tape punch 

when one of these Flexowriter units is selected to receive information from 
the computer. "And" gate No. 2 generates P, , when the tape punch is sel- 
ected for output, and driver transistor Q3 conducts to amplify the signal (fig- 
ure 7-60 of Service Manual). When the keyboard printer is selected for out- 
put, "and" gate No. 3 generates P. j. and driver transistor Q5 conducts to 

amplify the signal. All input signals to "and" gate No. 1 must be true before 
either gate No. 2 or No. 3 can generate Pi^j. This is an "and-or" gate com- 
bination. 

Operation of the two driver circuits is identical. Before the generation 

of P, J, diodes CR15 and CR17 are reverse biased and Q3 and Q5 are cut off 
kd' 

by approximately f6 volts at the base of each. Q4 and Q6 conduct with the 
collectors at ground potential and -f-6 volts applied across R16 and R17, re- 
spectively, to the base of each. The emitters of Q4 and Q6 are near ground 
potential, diodes CR20 and CR21 are reverse biased, and the circuit supplies 
no drive signal to the Flexowriter. This is the state of the circuit when all 
three "and" gates are inhibited, or when gate No. 1 is enabled and both No. 2 
and No, 3 gates are inhibited, or when gate No. 1 alone is inhibited. For the 
first two conditions, diodes CRU, CR15, CR16, and CR17 are reversebiased, 
and for the last condition CRll and CR16 are forward biased and CR15 and CR17 
are reverse biased. 

Gate No. 1 is enabled when output signal (0_,) from the computer and out- 
put ready signal O from the Flexowriter are true, and the OUTPUT SELECT 

switch on the control console is set to positions 1 or 2. Gate No. 2 is enabled 
when signal P (tape punch) is true, and the OUTPUT SELECT switch is set to 
position 2. Gate No. 3 is enabled when signal K (keyboard printer) is true and 
the OUTPUT SELECT switch is set to position 1. When gates No. 1 and No. 2 
are enabled, CRll, CR16, and CR17 are reverse biased and CR15 is forward 
biased. Q3 conducts with the base more negative than the emitter, CR20 is 
forward biased, and Q4 is cut off when the emitter potential goes more negative 
than that of the collector. CR22 is forward biased, and the driver circuit sup- 
plies a P, , drive signal through additional driver amplifiers to the Flexowriter. 

When gates No. 1 and No. 3 are enabled, CR17 is forward biased, Q5 conducts, 

CR21 is forward biased, Q5 cuts off, and CR23 is forward biased to supply the 

P, , drive signal, 
kd ° 
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Clamping Circuits 

Output signal lines from the Flexowriter and the P, _, line are clamped to 

a positive potential until the occurrence of true output signals. The signal 
lines are connected to +6 volts applied across resistors R24 through R36 (fig- 
ure 7-60 of Service Manual). Values of the clamping resistors vary according 
to the current required to drive the logic circuits to which the signals are applied. 



The anodes of diodes CR36 and CR37 in the T "and" gate are also con- 

n " 

nected to a +6 volts across 1, 1 kilohm resistors to ensure positive diode con- 
duction when either of the two input signals are open. 

Isolation Circuits 

Signals from flip-flops D, through D/ , C^, and C/ are applied to isolation 

circuits before amplification in the output driver stages. The isolation circuits 
are single-input "and" gates consisting of diodes CR53 through CR60 and re- 
sistors R37 through R44 (figure 7-60 of Service Manual). The gate output lines 
are clamped near ground potential when the gates are inhibited to ensure posi- 
tive cutoff of the corresponding drivers. 

Input-Output Logic Board No. 2 

Input-output logic circuit board No. 2 (figure 7-64 in RECOMP III Service 
Manual) contains conventional "and" and "or" gates for the selection, timing, 
and control of the optional input-output devices. Refer to the description of 
Input-Output Processes in this section for the functioning of input-output logic 
circuit board No. 2 when the computer is in the input and output modes. 

Input-Output Driver Boards 



Schematic diagrams of input-output driver circuit boards No, 1 and No. 2 
are shown on figures 7-56 and 7-58, respectively, of the Service Manual. 
Both boards are similar in configuration and function, each containing driver 
circuits which amplify signals transmitted from the computer to the Flexo- 
writer. Input circuits tape advance, code delete, anti -repeat, and the output 
circuit gate are not utilized. 

Each driver board contains nine driver circuits, but one circuit on driver 
board No. 2 is not utilized. View a of figure 6-44 is a simplified block dia- 
gram which illustrates operation of the input-output driver circuits. Each 
driver circuit consists of three transistor amplifiers in series. Six of the 
driver circuits are connected in parallel to amplify signal P, , which drives 

the code translator and tape punchclutches when the Flexowriter is selected for 
output. Each of the signals from flip-flops D, through D/, Cj- and C/ is ampli- 
fied in a driver circuit, as are input-output device select signals R, , P, , 

and Rj. 
d 
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The base circuits of the No, I amplifiers (figure 6-44) of the drivers for 
the P, , and flip-flop signals are connected through diodes to a common line. 

Signal P. , is applied to the input circuits of the six P, , drivers, and also to 

the anode of a diode whose cathode is connected to the common line. The diode 
must be reverse biased by a true P. , signal before the No. 1 amplifiers can 
conduct. When the P, , signal is fafse and when true signals are applied to the 
input circuits of the flip-flop signal drivers, the diodes connected between 

the base circuits of the No. 1 amplifiers and the common line are forward biased. 
The P, , diode is also forward biased and conducts the flip-flop output signals 
to ground. Therefore, the P, , drive signal must be generated before an 
8-bit output character can be amplified and transnnitted to the Flexowiriter, 
Base circuits of the No. 1 amplifiers of the function select signal drivers are 
not connected to the common line and function independently of the Pi j signal. 



Operation of each of the driver circuits is identical except for the variations 
previously noted in the input circuits. No. 1 amplifiers are at cutoff before 
the application of true input signals to the driver circuits (figure 7-56 of Service 
Manual). The -18-volt supply voltage applied across the No. 1 amplifiers load 
resistors keeps the No. 2 amplifiers conducting heavily. No. 3 amplifiers are 
held at cutoff due to the flow of collector current through the No. 2 amplifiers' 
load resistors. 

No. 1 amplifiers conduct at the occurrence of true input signals, and cur- 
rent flow through the load resistors cuts off the base drive to No. 2 amplifiers. 
As No. 2 annplifiers cut off, the -18-volt supply voltage applied across the load 
resistors drives No. 3 amplifiers into conduction. "Wew b of figure 6-44 is a 
simplified schematic diagram which illustrates operation of a Pi i driver output 

circuit as the No. 3 amplifier conducts. Q19 is the No. 3 amplifier of the first 
driver circuit on input-output driver circuit board No. 1. Operation of the 
output circuit is typical of all of the driver circuits in that they are transmitted 
to the Flexowriter to energize electromagnets or relay coils which convert 
electrical energy into mechanical action of the printer or tape punch. 

The emitter circuit of Q19 is routed through a 4.3-volt Zener diode to 
the +48-volt output terminal of the Flexowriter power transformer. Q19 col- 
lector is connected through the paralleled tape punch and translator clutch 
magnet coils to the -48-volt terminal of the transformer. The Zener diode 
breaks down as Q19 conducts and clamps the emitter potential at -4.3 volts in 
respect to nm coxiei.. nji puLtiiticii. oiiiiuj.Lcuicuu.0 >_unu.u.v_ nun uj. unc so.^ V.-1 ^""^* 

3 amplifiers draws sufficient current through the two magnet coils to actuate 
the tape punch and translator clutches. Clamping action of the Zener diode en- 
sures a steady flow of current through the coils. Diode CR12 provides a limit- 
ing action in the collector circuit to restrict the swing of the collector potential 
to -48 volts. 

Emitter circuits of the flip-flop signal and function-select No. 3 amplifiers 
are also routed through the Zener diode to the f48 volt terminal. Operation 
of these amplifiers is identical to that of Q19 described above, except that the 
collector circuits of the flip-flop signal amplifiers are connected to energize 
either the tape punch or translator code inagnets, and those of the function- 
select amplifiers to energize appropriate rcleiys, 
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Inpuf-Oufput PreesMct 

Only one input- output device may be selected for use in conjunction with 
the computer at a particular time. Coding in a computer program automati- 
cally selects a device when either the INPUT or OUTPUT SELECT switches 
are set to AUTO; positions 1 through 5 of each switch manually select one of 
the five devices for input or output (figure 6-42). Optional input and output 
devices Nos. 3, 4, and 5 may be any device that is compatible with the RE- 
COMP III computer. 

Each input-output device connected to the computer generates signals 
which define the active and idle states of the device. The input devices gen- 
erate signal T when in the active state and signal T|. when in the idle state; 

output devices generate signal T when in the active state and signal T' when 
in the idle state. When all input-output devices are in the idle state, the T^ 
and T' signals provide true inputs to "and" gates. These "and" gates on in- 
put-output logic circuit boards No. 1 and No. 2 generate timing signal T^ 

when enabled. This timing signal inhibits all transfer of information between 
the computer and the input-output devices when at a true level. The two gate 
outputs are in parallel, and a false input signal to either gate inhibits both gates. 

The input-output devices remain in the idle state until activated by a drive 
signal from the computer. When the computer is in the input mode, a drive 
signal (R, or R ,) is transmitted to a selected device to indicate that the com- 
puter is ready to receive information (figure 6-45). If the computer is in the 
output mode, a drive signal (Pj^^ or P^^) is transmitted to a selected device 

to indicate that the computer is ready to transmit information (figure 6-46). 

When activated by a drive signal, the Flexowriter generates timing signal 
T. This signal represents the Flexowriter input or output signals T^ or Tp, 
respectively, When it is in the active state. Signals T^ and T are applied to 
a six-input "or" gate on logic board No. 2, and the gate is enabled when any 
one of the input signals is at a true level. The T signal line from the Flexo- 
writer and the T gate output line are joined at a clamping circuit on logic 
circuit board No. 1. This circuit clamps the common T signal line to the 
computer to a positive voltage until one of the input-output devices is acti- 
vated. If either the T signal from the Flexowriter or the output of the T 
X ^ i 1 1 4.t-_ *._..« „i.,■^',^ ^^raffiAaa tVi«» nnsitive clamoinc v( 



Input Unit Selection 

Any one of up to five devices can be selected for entering information into 
the computer. The Flexowriter keyboard and tape reader, as standard equip- 
___* -,-„ -,i„,a,r= ^„o4i3Kio tQ-r gplprtinn: any other Compatible input device can 
be selected when it is connected to receptacles J904, J906, and J908 and input- 
output logic board No. 2 is added to the input-output chassis. For manual selec- 
tion of a device, the switch contacts of the INPUT SELECT switch generate three 
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I- signals when the switch is set to a numbered position. The I- signals are then 
combined with input signal I in three device selection gates whose output sig- 
nals set flip-flops C^, C2,~ahd C^ to the states required for the selection of a 
designated device (table 6-3). 

When the keyboard is selected for input, the three flip-flops are set to 
the false states, and signals from the primed outputs are applied to a function 

selection gate on logic circuit board No. 1. The gate generates signal R, 

ks 
when output ready signal O from the Flexowriter is true alone with I . R 

^ ^ a ks 

enables manual input from the keyboard and inhibits input from the tape reader. 
When the tape reader is selected for input, the three flip-flop signals are ap- 
plied to a drive signal gate on the same logic board. This gate generates sig- 
nal R^ which enables input from the tape reader. R and R are amplified in 

driver circuits on driver board No. 2 before they are applied to the Flexowriter. 

Logic circuit board No. 2 contains selection gate for input device No, 5. 
Selection gates for input devices No. 3 and No. 4 are located on logic network 
circuit boards in the computer chassis. In figure 6-45, signal I., from position 

5 of the INPUT SELECT switch is combined with I in the selection gate to set 

C^ to the true state required for the selection of He vice No. 5. Position 5 also 

generates signals I^q and I^^ which are combined with I in two logic network 

gates whose output signals set C^. and Q , respectively", to the required false 
states. 

When input device No. 5 is selected for input, the output signals from CU' , 

C^ , and C^ are combined with I in a drive signal gate on logic board No. 2. 

The enabled gate generates drive signal R^ which activates the input device 

connected to receptacle J908. When device No, 3 or No, 4 is selected, drive 
signals R^-j oi" ^ja are generated in a similar manner to activate the device 

connected to receptacle J904 or J906, respectively. 

Input Data Signal Routin g 

Presuming that device No. 5 has been activated by R^^, signal T' ^ assumes 

■' d5 ^ r5 

a false level and signal T^^ assumes a true level. The false T' _ signal inhibits 

the T "and" gate and T assumes a false level. The true T ^ signal enables 
f^ n r5 ° 

the T "or" gate and transmits a true level T signal which 1-sets flip-flop S in 

the computer at T^^ time, and the computer is ready to receive information 

from input device No. 5 

During the period that T is true, device No. 5 generates (during 8-channel 
operation) eight output signals simultaneously (K,, ex -Kg,,. J which represent 

an 8-bit character. The eight output signals are applied to eight three-input 
"or" gates on logic board No, 2, Two other inputs to the "or" gates are con- 
nected to the corresponding K-lines of the idle optional input devices (figure 6-45), 
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and the gates are enabled by true signals from any of the three devices. The 
"or" gates generate signals K,i \"^q# \ when enabled, and all of these signals 

except K,. . are routed through the TAPE SELECT switch. This switch pro- 
vides compatibility between the input devices and the computer when 5-channel 
tape is Utilized, as previously described. Signals K,.rx-K„.^^ (except K^.,.) 

from the Flexowriter are also applied to the same contacts of the TAPE SELECT 
switch as the corresponding signals from the optional devices. When the Flexo- 
writer is transmitting information on less than eight channels, the unused 
channel positions are grounded. 

The K- signals routed through the TAPE SELECT switch are applied to 
clamping circuits on logic board No. 1 along with the K,, . or K,,,. signal. 

These clamping circuits supply the ground current for keeping the K-signals 
at positive voltage when they represent binary zeros. Thus, K-signals re- 
presenting binary ones at approximately -12-volt level override the positive 
clamping voltage, whereas K-signals representing binary zeroes at near 
ground potential remain at a positive level. After leaving the clamping 
circuits the K-signals are combined with signal P in eight 2-input "and" 

gates which are located on logic network circuit boards. P assumes a 

true level only after S has been 1-set by timing signal T. Ttie true K-signals 
enable their respective gates, but the false K-signal gates remain inhibited 
by the positive voltage from the clamping circuits. 

Outputs of the eight "and" gates are connected to the 1-set inputs of flip- 
flops Cc» C/, and D. through D, . K. (least significant bit) is applied to Cj., 

and Kq (most signifcant bit) is applied to D, , The input-output flip-flops are 

0-set just prior to the entry of each character, and the true K-signals then 
simultaneously set the corresponding flip-flops to the true state. Flip-flops 
to which the false K-signals are applied remain in the false state. Each bit of 
an in^ut character is then serijilly shifted from C^ into flip-flop A. . of the A- 
register. 

Output Unit Selection 

The output unit selected to receive information from the computer can be 
the Flexowriter printer or tape punch, or any other compatible output device 
that may be connected to receptacles J905, J907, and J909. However, sel- 
ection of a device connected to any of these three receptacles is also depend- 
ent on the addition of input-output logic board No. 2 to the input-output chassis. 
For manual selection of a device, the switch contacts of the OUTPUT SELECT 
switch genezate three O-signals *vhen the switch is set to a numbered position 
(table 6-3). The O-signals are then combined with output signal I. in device 

selection gates in a manner similar to that for input device selection (figure 
6-42), Logic circuit board No. 2 contains the selection gate for output device 
No. 5, Selection gates for output devices No, 3 and No, 4 are located on logic 
network boards in the computer chassis. 

When the printer is selected for output of information from the computer, 
the output signals of CLt C~, and C i are applied along with I to a function 

selection gate on logic circuit board No. 1. The gate generates signal P, , 
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when enabled, which permits automatic output to the printer. P^^ is ampli- 
fied in driver circuits on driver board No. 2 before application to the comput- 
fe r . When the printer is not selected. the computer outputs information to the 
tape punch. 

Output Data Signal Routing 

The eight bits that constitute an output character are shifted serially from 
flip-flop A. of the A-register into flip-flop D, (figure 6-46). These bits are 

processed through D--D-, C,, and C-. and after the precession has been com- 
pleted Cc contains the least significant bit and D,, the most significant bit. 

The eight flip-flop output signals are applied directly to the input circuits of 
the three optional output devices, but require amplification before being ap- 
plied to the Flexowriter. 

Output devices cannot accept an output character until activated by a 
drive signal from the computer. The computer generates signal (O,) aftet 

the character bits have been precessed through the input-output flip-flops. 
Signal (Oj) is applied to the tiiree optional device drive signal gates on logic 

board tTo7"2, and to the Flexowriter drive signal gates on logic board No, 1» 
(figure 7-60 and 7-64 of Service Manual), The optional device signal gates 
generate signals O.^, O, ., or O.- when enabled and activate devices No. 3, 

No. 4 or No. 5, respectively. An activated device then generates signal T 

which enables the "or" timing gate on logic board No. 2, and timing signal T 
assumes a true level. During the period that T is true, the computer also 
transfers the next output character from the A-fegister to the input-output 
flip-flops. 



All output signals from the input-output flip-flops are applied through iso* 
lation circuits to eight driver circuits on driver boards No. 1 and No. 2. The 
isolation circuits consist of eight single-input "and" gates whose outputs are 
near ground potential until the gates are enabled by true signals from the in- 
put-output flip-flops. Output of each gate is connected to the input circuit of 
the No. 1 amplifier of each of the eight driver circuits. The No. 1 eimplifiera 
are held at cutoff by the conduction of the No, 2 amplifiers, and the clamping 
action of the isolation gatds ensures that conduction does not occur until the 
gates are enabled by true signals from the input-output flip-flops. Also, the 
No. 1 driver amplifiers cannot conduct until drive signal P^^ has been gener- 
ated as a result of the selection of a Flexowriter operation for output. 

Signal P, , is generated by the Flexowriter drive signal gates on logic 

board No, 1 when either the printer or tape punch has been selected for output 
(refer to Input-Output Logic Board No. 1 in this section). P, , is applied to a 

clamping circuit on the same logic board, amplified in a logic driver circuit 
located in the computer chassis, and is then applied to six parallel driver cir- 
cuits located on driver boards No. 1 and No. 2. 
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FLEXOWRITER 



DEVICE NO. 1 
PRINTER 



DEVICE NO. 2 
TAPE PUNCH 



lD6l -IDl). l C6l. (C5) 

3Si^ 



TRANSMISSION LINES OF RELATED SIGNALS HAVE BEEN 
JOINED IN A COMMON LINE IN SOME INSTANCES TO SIMPLIFY 
SIGNAL TRACING. THE CONNECTION OF EACH SEPARATE 
LINE TO THE COMMON LINE IS INDICATED BY A CURVED 
JUNCTION. 

J-CONNECTORS ARE IN DESK WELL. 

SELECTION GATES FOR DEVICES NO. 3 AND NO. 4 ARE ON 
LOGIC NETWORK BOARDS. 



DEVICE NO. 3 










DEVICE NO. 4 









Figure 6-46„ Output Logic Functional Diagram 
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When the P^^^ drive signal is present at the inputs to the P driver cir- 

led 
cuits, conduction of the flip-flop signal drivers occurs when true signals are 
applied from the isolation gates. The Flexowriter generates timing signal T 
when the composite P^^^ signal is applied to the code translator and tape punch 

clutches, and signal T ' assumes a false level during the period that T is true 

and inhibits the T^ timing gate. The 8-bit output character is then transmitted 

to the Flexowrit"er~from the flip-flop signal drivers which generate binary ones 
or zeroes in response to true or false input signals. Channels 7 and 8 are 
always coded with zeroes when the printer is selected for output and may or 
may not be coded with zeroes when the tape punch receives the output. 

Extended Input-Output Register Operatio n 

The computer has the capability to transmit or receive information on a 
maximum of twelve channels when two additional circuit boards are connected 
to receptacles in the computer chassis. For example, a card reader and a 
card punch, when connected to receptacles J908 and J909, respectively, may 
be used with the computer for 12-channel input and output. 

An additional standard flip-flop circuit board 57333-501 and extended re- 
gister circuit board 44118-501 are connected to receptacles J327 and J317, 
respectively, for the extended register capability. The flip-flop circuit board 

cnntains flin-floTjfi E tb^'^uph F m;1-.t^V. ,-. ^..^ v,-! " o "" fV t^ +^- ^, i t^ r^ ^ 

~^-i- — t- ■^1 -i--"--ifeii 4- "' '■'■■^^ '■'■ "-wij-i uiiit wjLtn xj/ tnruugii jJ,, U/ anQ 

C^ to form a 12-bit input-output register. The extended register logic cir- 
cuit board (figure 7-52 of Service Manual) contains conventional "and" gates 
and "or" gates which control operations between the computer and the extended 
register devices. 

During input operations signals K^ through K^^ are transmitted from the 
card reader to flip-flops E^ through E^, respectively. Flip-flop E thus re- 
ceives the most signiflcant bit of the 12-bit character, and E precesses the 
four additional bits to D. , All character bits then shift through the remainder 
of the input-output flip-flops into A ^^ of the A-register as previously described. 
The four additional K- signals are clamped to a +6 volts by clamping circuits 
on the extended register logic circuit board, and are then combined with signal 
•^m ^^ "and" gates on the same board before application to the 1-set inputs of 
ET"th rough E . . 

During output operations E^ copies A^ of the A-register in the same man- 
ner that D^ performs this functionfor the 8-bit character. After the 12 out- 
put bits have been precessed through the input-output flip-flops, C. contains 
the least significant bit and E^ contains the most signiflcant bit. Drive signal 
0^5 IS then generated and activates the card punch, and the output character 

is applied directly to the device from the twelve flip-flops of the extended re- 
gister. 
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Provisions For Future Applications 

A number of computer signals are routed to the desk receptacles for 
optional input-output equipment which are not presently used. These include 
signals from device selection flip-flops Q^, Q,., and C ., and input-output 

signals I_^ and I^. The signals are available to increase capability potential 

for accomodating possible future input-output equipment with special opera- 
ting requirenaents. 

PLEXOWRITER INPUT-OUTPUT UNIT 

The RECOMP III Flexowriter is an input-output device consisting of a 
keyboard-printer (typing unit), a paper tape recorder (punch), a punched tape 
reproducer (reader), a code selector, and a code translator (figure 6-48). 
Conversion of information is performed by the code selector and the code 
translator. Electronic circuitry necessary for operation of the Flexowriter 
is mounted on etched circuit plug-in boards located in the desk. 

Primary power is supplied to the Flexowriter from the 115-volt accessory 
jack at the rear of the desk. With switch SI on the Flexowriter placed at 
ON, power is applied to all elements of the Flexowriter. 

During operation with the computer, the Flexowriter (1) translates mecha- 
nical action of the keyboard (figure 6-47) or hole patterns in punched paper 
tape into binary coded signals for the computer and (2) converts binary coded 
electrical pulses from the computer into either printed copy, or punched paper 
tape. In local operation, coded signals resulting from mechanical action of 
key depression can be transmitted directly to the tape punch, or information 
can be transmitted directly from the reader to the punch and/or printer 

When switch S2 is placed at LOCAL the Flexowriter will read and punch 
any and all coded paper tapes up to and including 8-channel tape. While in 
local mode the printer mechanism, which is 6-channel binary-code operated, 
receives information from the reader and prints out an alphanumeric printed 
copy at a nominal speed of 10 characters per second. The printer mecha- 
nism is capable of reproducing information from a punched tape in the form 
of printed copy, or producing a properly coded 6-channel tape by entering 
information through the keyboard to the tape punch. 

With switch S2 at COMPUTE, the tape reader and code selector transmit 
in binary code up to and including 8-channels of information to the computer. 
The punch receives from the computer, and in turn reproduces, binary coded 
information up to and including 8 channels. When outputing information 
from the computer to the printer, the translator recognizes information formats 
of all properly coded 6-channel codes, and causes action by the printer. Con- 
tents of channels 7 and 8 are ignored by the translator when outputing to the 
printer. A keyboard action during information input to the computer, in turn, 
causes the code selector to transmit properly coded 6-channel codes to the 
computer. Input-output codes utilized by the printer and keyboard are shown 
in table 6-4. 
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KEYBOARD 



Figure 6-47. Flexowriter Keyboard, Control Panel 
and Input Indicator Light. 



TKANSLATOK 




BOTTOM I.' 1 I r'L\ I f 



Figure 6-48. Code Selector, Code Translator. 
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Table 6-4. Input-Output Character Coding 



A. Alphanumeric Keys 



Type Bar 
Number 


Upper 
Case Key 


Lower 
Case Key 






Binary 


Code ^ 


^ 


o^" 


'Sprocket 
Holes 








8 


7 


6 


5 


4 


•^ 


2 


1 -*- 


' Channel 


1 
2 
3 


Q 

A 
* 


q 

a 
2 














1 


1 



1 







1 
1 



1 
1 
1 





,Tape 
Guide 
Edge 


4 


Z 


z 











1 




1 


1 


1 


Direction 


5 
6 


w 
s 


w 

s 














1 
1 




1 










" 


of Tape 
Travel 


7 


# 


3 








1 


1 








1 


1 




8 


X 


X 











1 




1 





1 




9 


E 


e 



















1 







10 


D 


d 






















1 




11 


A 


4 








1 


1 





1 










12 


c 


c 



























13 


R 


r 











1 





1 


1 


1 




14 


F 


f 



















1 


1 




15 





5 








1 


1 





1 





1 




16 


V 


V 











1 







1 


1 




17 


T 


t 











1 










1 




18 


G 


g 
















1 










19 


Tf 


6 








1 


1 





1 


1 







20 


B 


b 

















1 


1 


1 




21 


Y 


y 











1 




1 


1 







22 


H 


h 
















1 





1 




23 


— 


7 








1 


1 





1 


1 


1 




24 


N 


n 











1 








1 


1 




25 


U 


u 











1 







1 







26 


J 


J 
















1 


1 


1 




27 


t 


8 








1 


1 















28 


M 


m 











1 








1 







29 


I 


i 














1 


1 


1 







30 


K 


k 











1 




















(Continued) 
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Table 6-4. Input-Output Character Coding (Continued). 



A, Alphanumeric Keys (Continued). 



Type Bar 
Number 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 



Upper Lower 

Case Key Case Key 

( 9 

> 

(D o 

L 1 

) <f 

< 

P P 



[ 



♦ 



f 







] 


Binary 


Code 












1 


1 


1 








1 








1 





1 




1 















































1 








1 






















1 





1 




1 


1 





















1 








1 




1 





1 











1 













1 








1 




1 
















1 




1 







1 








1 




1 





1 


1 








1 




1 


1 


1 






B. Function Keys 



Type Bar 
Letter 


Function 






Binary 


Code 






Q 


Lower Case 




















1 





R 


Upper Case 


0. 




















1 


S 


Tab 








1 





1 


1 





1 


T 


Space 








1 





1 





1 


1 


U 


Blank 


























V 


Carriage Return 








1 





1 


1 








W 


Back Space 




















1 


1 


Y 


Upper Case 























1 


Z 


Lower Case 




















1 
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Table 6-4. Input-Output Character Coding (Continued). 



C Control Switches. 



Switches 


Function 








Binary 


Code 






G 


Code Delete 








1 


1 


1 


1 


1 


1 


H 


Stop Code 








1 





1 





1 





A 


Start Read 


























B 


Stop Read 


























C 


Non Print 


























D 


Ignore Stop 


























E 


Punch On 


























F 


Tape Feed 



























Control Switehos 

Ten switches are provided for controlling the various functions of the 
Flexowriter. Eight of these switches are located on the control panel and two 
are at the right side of the keyboard (figure 3-4). 

START READ: Effective only in local nnode, this switch, when depressed 
and released, automatically starts the tape reader operation. To stop 
reader operation the STOP READ switch must be actuated. 

STOP READ: When this switch, effective only in local mode, is de- 
pressed and released, the reader will stop operation; in order to 
resume automatic reader operation, the START READ or the NON- 
PRINT switch must be actuated. 

NON-PRINT: Actuation of this switch, effective only in local mode, will 
set up a state which will allow direct reproduc tion of tape, from reader 
to punch, without sending signals through the translator, keyboard, and 
code selector combination. With no printed copy being produced it allows 
reproduction of any and all codes, up to and including 8-channel operation. 

IGNORE STOP: This switch, when in local mode, will set up a state that 
will cause the reader not to recognize and stop on the stop code. This 
state will be set by pressing the switch downward, and will continue until 
the switch is manually raised to its off position. The IGNORE STOP 
switch has no function in compute mode. 

PUNCH ON: When this switch,, effective only in local mode, is pressed 
downward, the punch circuits are energized in a standby mode to be 
ready to punch tape on receipt of information from the reader or the 
keyboard. 

TAPE FEED: This switch, when depressed, will cause the tape to feed 
forward for as long a period as the switch is held depressed. During 
actuation of this switch, thfe only holes punched in teq)e are sprocket holes. 
This switch is effective only in the local mode„ 
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CODE DELETE: While in the local mode, if this switch is held down 
the tape punch punches out all holes in the first 6 channels of the tape to 
delete a code punched in error. This switch has no function in the com- 
pute mode. When a corrected tape is then used as input information to 
the printer, the delete code is read by the reader, the tape will be ad- 
vanced, and no printer operation will take place. Printer operation will 
be resumed when the tape reader reads the next character following the 
delete code. 

STOP CODE: This switch, when depressed, while in the local mode, 
will cause the punch to punch a code on the tape which will be read by the 
reader and cause the reader to stop. However, the reader will ignore 
this code and continue to read if the IGNORE STOP switch was closed 
prior to the sensing of the stop code in the tape. The STOP CODE switch 
has no function in the compute mode. 

POWER: This switch, located on the right side of the keyboard (figure 
3-4), controls application of 115-volt ac power to the Flexowriter. 

LOCAL-COMPUTE: This switch, located to the rear of the power 
switch (figure 3-4), selects operation modes as follows: 

LOCAL -- In this mode the printer can receive properly coded 6-channel 
information through the tape reader and reproduce alphanumeric printed 
copy at ten characters per second. It is possible to duplicate up to 8- 
channel tapes using the reader in conjunction with the tape punch. In 
local mode, 6-channel tapes can be prepared using keyboard, code 
selector, and punch combination. 

COMPUTE -- In this mode the tape reader or keyboard can transmit 
information to the computer. The printer or tape punch can receive 
information from the computer while in this mode and prepare either 
a printed copy containing this information (using the keyboard printer) 
or a punched paper tape (using the tape punch unit). 



Drive Systtm 

The drive system comprising a motor unit and power drive mechanism 
supplies all mechanical power required to operate the various mechanisms 
and units of the Flexowriter. 



Motor Unit 



Mounted in a cradle hinged to the rear base plate, the Flexowriter drive 

35 millihorsepower. A differential relay (Kl) is wired in series with the 
main motor winding which is initially energized when the power switch is 
turned on. Kl stays energized only during the brief starting period of the 
motor and closes contacts which complete the starter winding circuit. As 
the motor approaches operating speed (1750 rpm), starting torque (and 
therefore current flow) is reduced. When the current flow drops below a 
predetermined threshold value, the holding contacts of starting relay Kl 
open and the starter winding circuit is de-energized. Thus, once the motor 
reaches its running speed, it will operate by the circuit through its main 
windings only. 
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MOTOR SHAFT 



R3-8 



Figure 6-49. Split Pulley Cross Section. 




DRIVE BELT 



REAR BASE 
PLATE 



ADJUSTING 
SCREW 



Figure 6-50. Motor Unit. 
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OUTER INTERMEDIATE GEAR 



INTERMEDIATE GEAR ASSEMBLY 



HUB, GEAR, AND 

SPROCKET 

ASSEMBLY 



SHAET PULLEY 




NYLON GEAR 



Figure 6-51. Power Drive Mechanism. 
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Adjusting screws with lock nuts enable adjustment of drive belt tension. 
A split pulley on the motor shaft allows changing the speed of the drive, if 
necessary (figures 6-49 and 6-50). 

Power D rive Mechanism 

Comprising a transverse shaft, belt or chain drive, power roll, and 
gear train (figure 6-51), the power drive mechanism transmits the power 
from the motor to the printer, reader, translator, and punch at proper oper- 
ating speed. The motor is connected by a belt to a transverse shaft, which 
is connected by silent gears to the clutch assembly of the tape punch. A chain, 
or on some machines a rubber gear belt, connects the transverse shaft to the 
hub portion of the clutch sprocket on the power roll. The hub, in turn, is con- 
nected by silent gears to the intermediate gear assembly which drives the 
translator clutch and reader. Independently, the power roll furnishes the 
driving force for all the cam units. When a cam is released by operation of 
a keylever, the serrated surface of the cam engages the rubber surface of 
the roll,forcing the cam unit away from the power roll. This action 
provides the movement necessary to operate the typebar or function-key 
mechanisms of the machine. 



lnt«r*Mtehaiilsm Operation 

Flexowriter mechanisms involved in a specific input-output or tape pre- 
paration-reproduction operation vary, depending on the mode of operation 
and the specific operation selected. Table 6-5 lists the principal mechanisms 
involved in originating, converting, and receiving information during the vari- 
ous modes and operations. 



Table 6-5. Inter-Mechanism Information -Flow Sequence. 



From 

LOCAL MODE 
Keyboard 

Keyboard 

Keyboard 

Tape Reader 
Tape Reader 
Tape Reader 

COMPUTE MODE 
Keyboard 

Tape Reader 

Computer 

Computer 



Through 
Code Selector 

Code Selector 

Code Translator 

Code Translator 
and Code Selector 

Code Selector 
Code Translator 



To 

Tape Punch 

Printer 

Tape Punch and 
Printer 

Tape Punch 

Printer 

Printer and 
Tape Punch 

Computer 
Computer 
Printer 
Tape Punch 
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Components that produce the electromechanical actions listed in table 
6-5 are illustrated in figure 6-52. 



Keyboard-Printer Mechanisms 

The keyboard-printer performs the mechanical operations involved in 
producing (1) in local mode, binary-coded electrical signals and printed 
copy during tape preparation and printout, respectively, and (2) in compute 
mode, binary-coded electrical signals and printed copy during input-output, 
respectively. These operations, in turn, represent a composite result of 
actions performed by the various mechanisms comprising the keyboard- 
printer. Operation of these individual mechanisms is described in the fol- 
lowing paragraphs. 



Cam Units 



In most keyboard-printer operations, cam units (figure 6-53) actuate 
niechanical linkages to cause the various actions of the keyboard-printer 
mechanisms. The cam units are of two types (figure 6-54): single lobe, 
which requires 360 degrees rotation for complete operation; and double lobe, 
which requires only 180 degrees rotation for complete operation. However, 
operation of both types of cams is similar except for longer time usage such 
as with carriage return, backspace, or tab which utilize the single lobe cam. 



ARMATURE \((0 




TRANSLATOR MAGNET 



CODE SELECTOR 



PERMUTATION 
BAR 
CODE TRANSIjATOB 



Figure 6-52. Functional Principles. 
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IMPRESSION 
ADJUSTING SCREWS 




Figure 6-53. Cam Units, 



CAM UNIT 
PIVOT 



CAM PIVOT 



CAM UNIT 
RETURN SPRING^, 




DIRECTION OF 
ROTATION 



SINGLE LOBE 



DOUBLE LOBE 



Figure 6-54. Single and Double Lobe Cams. 
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Keylever Operation 

In all keyboard-initiated operations except upper and lower case, the key- 
lever controls action of a respective cam unit. Keylever rows 1 and 2 operate 
a rear row of cams; keylever rows 3 and 4, a front row of cams (figure 6-55). 

The keylevers are mounted on a keylever bearing wire held in the keylever 
bearing support. This mounting provides a pivot for the keylevers and the 
bellcranks. (figure 6-56). The keylevers are guided by the front guide comb 
and by the slot in the chassis of the power frame. When in their home posi- 
tion, the keylevers are held against the top of the slot in the front guide comb 
by springs and adjusting screws. The lower, forked ends of the keylevers 
extend through the power frame to engage the release levers on the various 
cam units, Keylevers must move freely and have proper tension to ensure 
uniform impression. 



Keylever Interlock Operation 

A mechanical interlock (figure 6-57) allows only one keylever to be de- 
pressed at one time, thus preventing pile-up of type bars, mispunching of 
codes in tape, and generation of erroneous signals to the computer. The 
interlock is effective on all keylevers except the lower case shift on the left 
side of the keyboard and the upper case shift on the right side. However, each 
of these two keylevers, through equalizing rods, works simultaneously with 
its companion keylever located on the opposite side of the keyboard. 



REAR CAM 

UNIT ASSEMBLY 




RELEASE LEVER 



\PJ M IQ/ 

Figure 6-55. Keylever Positions and Cams , 
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POWER ROLL 



Figure 6-56. Keylever, Cam, Bellcrank, and Typebar. 

This dual operation, thus, in effect, provides an interlock also for these 
keylevers . 

The channel strip in back of the front guide comb contains one less roller 
than there are keylevers. As a keylever is depressed, it enters the channel 
strip between two rollers, forcing the other rollers on each side to be dis- 
placed laterally. This action blocks the other keylevers from entering be- 
tween any rollers, which prevents another simultaneous keylever operation, 

Keylever Lock Operation 

To prevent operation of the keyboard should jamming or damage occur, 
a keylever lock and magnet (figure 6-58), locks the keyboard when any one of 
the following conditions exists: 
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FRONT GUIDE COMB 

MOUNTING AND ADJUSTING SCREW 



KEYLEVER 
INTERLOCK 



ROLLER STOPPING 
KEYLEVER OPERATION 



FRONT GUIDE COMB 




3, 



4. 



Figure 6-57. Keylever Interlock. 

When the power switch is off, to prevent the keys from accidentally 
being operated and tripping the cams, which would cause pile-up of 
type or jamming of the power roll when the machine is turned on. 

In local mode during carriage return, backspace, and tab operations, 
to prevent an operator from depressing a keylever before the machine 
has completed the selected operation. 

When a tight tape condition occurs while preparing a punched tape 
from the keyboard or if a code bar should fail to return to its rest 
position at the completion of an operation. 

In compute mode (except when the computer is transmitting to or 
receiving inputs from the keyboard) during carriage return, backspace, 
and tab operations. 



The keylever lock bail pivots on the ends of the front guide comb and 
extends across the guide comb under the keylevers. A stud on the right end 
of the bail is connected by an adjustable link to the keylock magnet. When the 
magnet is operated, the bail is moved in an arc sufficient distance to allovv' 
the keylevers to operate. 
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GUIDE 
COMB 




Figure 6-58. Keylever Lock. 



Universal Bar Mechanism Opera tion 

The universal bar, mounted to the type bar segment, allows the carriage 
to move at each operation o£ a type bar or the space bar by transferring 
motion from these bars to the escapem^ent mechanism (figure 6-59). Shape 
of the type bar guide slots in the type bar segment and the location of the 
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TYPE BAR GUIDE 



TYPE BAR SEGMENT 



FRONT FLAT 
SPRING 




TOGGLE LEVER SPRING 



ESCAPEMENT 
TRIP LINK 



Figure 6-59. Universal Bar Mechanism, 

fulcrum rod are such that the forward edge of a type bar, upon contacting 
the universal bar, causes the type bar to be moved slightly against its spring 
tension. This motion is then carried by the universal bar through the escape- 
ment link to the escapement lever. 






Operation of the carriage return keylever returns the carriage to the left 
hand margin, and indexes the platen. Carriage return is accomplished by a 
clutch which winds up a carriage return tape. Because the tape is connected 
to the carriage at the line space hook lever, the tape operates the platen 
before pulling the carriage to the right. 

When the carriage return keylever is depressed, the carriage return cam 
is released and engages the power roll. A downward pull is exerted on the 
carriage return link (figure 6-60). This motion is transferred to the return 
lever, causing it to move downward, and contact the return arm which is 
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SIDE TOGGLE LEVER - 



CARRIAGE 
RETURN 
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^ 
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POWER 
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Figure 6-60. Carriage Return Clutch. 
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rotated counterclockwise on its pivot. Pivoting causes the opposite end 
of the arm to rotate upward, locking the toggle. A tension is thus exerted 
on the toggle tension spring which holds the toggle in the locked position. 

Motion of the toggle arm brings the arm in contact with the upper toggle 
adjusting screw, causing the thrust arm to be rotated clockwise on its pivot, 
and exerting a pressure against the thrust bushing. This pressure is carried 
through to the clutch plate and friction disk. The friction disk is constantly 
rotating, being driven by the disk drive shaft extending from the power roll. 
When the clutch plate engages the rotating friction disk, the plate rotates and, 
because the pins on the plate engage the clutch pulley, transfers the motion 
to the pulley. The carriage return tape, being attached to the pulley, is then 
wound, which pulls the carriage to the right. 

When the clutch is not operating, the clutch pulley spring exerts a tension 
against the pulley rotation, which holds the carriage return tape taut. In 
addition to operating the toggle, the motion of the carriage return arm also 
moves the toggle knockout lever downward on its pivot. This action rnoves 
the upper extension of the knockout lever and the toggle knockout link forward. 
The motion of the toggle knockout link rotates the intermediate toggle knock- 
out lever. This position is then held because of the clutch toggle action 
explained previously. 

The motion of the intermediate toggle knockout lever exerts a pull on the 
rear toggle knockout link, pulling the carriage return bail stop arm lever, 
which in turn, moves the slotted link. However, the slotted link does not 
move far enough to rotate the unlatching bellcrank (figure 6-61). 

Motion of the carriage caused by the clutch winding tiie carriage return 
tape, moves the margin rack in the direction indicated (figure 6-bi). ihe 
margin stop strikes the margin release lever and moves it in the same 
direction as the margin rack. This movement of the margin release lever 
in turn, rotates the earn operating lever which pivots at its center and exerts 
a push on the unlatching trip link. The push on the link moves the unlatching 
trip lever and releases the carriage return and tab unlatch cam. Release 
allows the unlatch cam to engage the power roll and rotate the unlatching 
bellcrank through the unlatching cam lever, operating link, and operating 
lever. The motion of the unlatching bellcrank provides a backward pull on 
the slotted link, moving the carriage return bail stop arm lever which , m 
turn, exerts a backward pull on the following linkage: rear toggle knockout 
link, intermediate toggle knockout lever, toggle knockout link and the toggle 
knockout lever. This backward: pull unlocks the clutch toggle, releasing 
the pull on the carriage return tape. 

Tabular Operation 

The tabular mechanism permits the operator to place the printout in 
accurate orderly columns at a minimum of two spaces between columns. 
When the tabular keylever is depressed, the tab cam is released, engaging 
the power roll. Leverage developed by this engagement is transmitted by 
the tab operating link to the left of the rear rail. This action exerts a pull 
on the tab operating pull lever which pivots on a stud that, in turn, pulls 
downward on the tab operating pull link (figure 6-62). 
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Attachment of the tab operating pull link to the tab operating lever 
results in transmission of motion to the tab lever. Transmission is accom- 
plished by a short downward extension arm on the tab operating lever, which 
is provided with a pin connected by a spring to the tab lever pin. A guard 
plate, loosely pivoted on the tab lever pin and slotted to embrace the exten- 
sion arm pin, is placed between the extension arm and the spring. Opposite 
the front or upper face of the tab lever is a similar spring which causes the 
tab operating lever and the tab lever to normally move in unison. However, 
when the striking edge of the tab lever hits a tab stop, the connecting spring 
stretches and prevents damage to the parts. 

When the tab operating lever is rocked clockwise, the pawl release engag- 
ing pin engages and rocks the tab pawl release arm counterclockwise, thereby 
pushing the pawl release link to the left and operating the pawl release arm. 
The pawl release arm, in turn, operates the pinion disengaging arm, which 
disengages the pinion from the escapement mechanism. This allows the 
carriage to move freely under the tension of the tnain spring. 

The tab operating lever is held in the operated position by a tab lever 
latch (figure 6-62). When the tab operating lever is pulled downward, the 
tab-lever latch snaps over the upper edge of the lever and prevents both 
the tab lever latch and the tab lever from returning to the normal position. 
The tab lever disengaging spring tends to restore the levers as a unit to the 
normal position, but the tab-lever latch prevents this action. 

When the tab lever strikes a tab stop, a tab lever unlatching operation 
takes place. This unlocks the tab operating lever and allows the carriage 
return pawl to engage the carriage return pinion ratchet wheel, thus holding 
the carriage in that particular tab position. This is accomplished by the 
horizontal slotting of the tab lever where the tab lever stud passes through 
the tab lever. Therefore, when the tab lever strikes a stop, the tab lever 
moves to the right, moving the cam operating lever in a cotinter clockwise 
direction. Movement causes an arm, which is part of the cam operating 
lever, to be similarly rotated, thereby pushing the unlatching trip link to 
the right and moving the unlatching trip lever. This action allows the car^ 
riage return and tab unlatch cam to engage the power roll. The resultant 
movement of the cam actuates the unlatching cam lever, drawing the unlatching 
operating link and moving the unlatching operating lever. A lug, which is part 
of the unlatching operating lever, rocks the tab lever latch to disengage it 
from the tab operating lever. Thus, the tension of the tab lever disengaging 
spring disengages the tab lever from the tab stop, and returns the tab lever 
to the non-operated position. 

A rebound check lever is emnloved when tabulating to keep carriage 
rebound to a minimum. As the upturned end of the tab lever engages a tab 
stop, the hooked portion of the rebound check lever rides under and behind 
to the tab stop. Thus, the upturned end of the tab lever engages one face 
of the tab stop, while the hooked end of the rebound check lever engages the 
opposite face. Therefore, carriage rebound is effectively minimized during 
tab operations. 

Tab Governor Operation 

The tab governor retards the motion of the carriage during tabulation with 
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the clutch spring (helical) providing the braking action. When the machine 
is running, the belt rotates the governor clutch hub, causing the clutch 
spring to rotate on the hub. During normal escapement operation, the car- 
riage moves with no restrictions. However, on a tabular operation, the 
carriage moves only ks fast as the governor clutch hub is rotating. When 
the speed of the carriage is equal to the speed of the governor clutch hub, 
a braking action occurs as a result of the helical spring grabbing on the 
clutch hub. Machine operation is necessary before the carriage can be 
moved to the left (refer to Escapement Operation). 

Space Bar Operation 

The space bar mechanism (figure 6-63) operates the escapement mechanism 
for letter spacing without printing characters. Depressing the space bar 
releases the cam of the space bar cam unit, allowing it to engage the power 
roll. Leverage developed on the cam frame pulls the bellcrank link which, 
in turn, pulls a dummy bellcrank downward, striking the escapement bail. 
The upper portion of the bail operates in a manner similar to a bell crank. 
Movement of the bail through the toggle lever link moves the dummy type 
bar in the segment toward the platen and operates the universal bar and 
escapement mechanism in the same manner as the other type bars. 

Because there is no type head or slug on the space type bar, no charac- 
ter is printed. Solder is added to give the bail the necessary weight for 
operation. 

Backspacing 

With each depression of the backspace key, the backspace mechanism 
(figure 6-64) movesothe carriage to the right one space. When the backspace 
keylever is depressed, the backspace cam is released, engaging the power 
roll. The pivot movement of the cam pulls the backspace bellcrank actu- 
ating link, which rotates the backspace bellcrank. A backspace connecting 
link connects one leg of the backspace bellcrank to the backspace pawl. This 
link causes the rotating movement of the bellcrank to move the backspace 
pawl downward, engaging a tooth of the escapemient pinion ratchet wheel. 
The pawl rotates the ratchet wheel until it strikes the pawl stop. At this 
point, the carriage return pawl engages the next tooth of the ratchet wheel 
and holds the carriage in its new position (figure 6-65). 

Movement of the backspace bellcrank also actuates two sets of contacts 
(SBS). Opening of contacts 1 and 2 de -energizes the keylever lock magnet 
(LKLi), locking the keyboard tintil the completion of the backspace operation. 
Contacts 3 ajid 4, upon opening, break the output ready (O ) signal to the 

computer. 

A detent pawl prevents backward rotation of the escapement mechanism, ' 
thus causing the carriage return ratchet to turn in one direction only. The 
detent pawl assembly is motinted on the rear carriage rail. 
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Figure 6-63. Space Bar Mechanism. 
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Figure 6-64, Backspace Mechanism, 



6-113 



PAWL (OPERATED) 




BACKSPACE 
CONNECTING LINK 



CARRIAGE 
RETURN PAWL 



I CARRIAGE RETURN PINION RATCHET WHEEL 

(MOVED 1 \n TEETH) 

R3-59 



Figure 6-65. Carriage Return Pawl Engaging Halftooth. 



Ribbon Feed and Direction Reversal 

When any character key lever is depressed, the tail of its associated 
bellcrank operates a ribbon lift bar which extends across the width of the 
power frame (figure 6-66). A ribbon feed lever at each side of the machine 
is pivoted on the key lever bearing wire and has a lug bent at a right angle 
on each end. The lower lug engages a roller on the ribbon lift bar and 
the upper lug carries the ribbon feed pawl which, in turn, engages the teeth 
in the ribbon spool. A ribbon feed check pawl mounted directly under the 
feed pawl on a fixed pivot also engages the spool. The rocking motion of 
the ribbon feed levers causes the engaged spool to feed two teeth at a time; 
the check pawl prevents reverse motion of the engaged spool. 

Reversal of feed direction is accomplished by the ribbon reverse bar and 
pawls. Each end of the ribbon reverse bar contains a pin with a ribbon 
reverse pawl freely mounted to the pin. The pin itself controls the position 
of the feed and check pawls such that only the pawls for one spool can be 
engaged at any one time. The rear end of the reverse pawls is forked and 
supported by a stud on a two-piece ribbon reverse lever. When the ribbon 
is unwound from one spool, a continued pull on the ribbon draws the lever 
toward the rear and raises the front end of the reverse pawls such that the 
hook of one engages the bent lug on the ribbon feed pawls. As these pawls 
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were engaged are thrown out of engagement and the ones on the opposite 
spool become engaged, thus changing the direction of the ribbon feed. A 
hairpin spring holds the ribbon reverse bar in either position (figure 6-67). 



Letter Shift Mechanism Operation 

The type basket shift raises and lowers the type basket to change between 
printing of upper and lower case characters. When the basket is in the 



raised positi 



the lower case characters (sm^all letters) print; when in the 



lowered position, the upper case (capital letters) print. 



6-114 




FULCRUM 
ROD 



FEED LEVER 



Figure 6-66. Ribbon Feed and Check Pawls. 

To effect a basket shift, two double lobe letter cams are used, one for 
the shift down, the other for the shift up. The shift-down cam is located in 
the front row of cams, the first cam on the left side; the shift-up cam is 
located in the front row of cams, first cam on the right. 

The keylever marked UPPER CASE, located on the left side of the keyboard, 
operates the shift-down cam directly. However, the UPPER CASE keylever 
on the right side of the keyboard, operates the shift-down cam through an 
equalizing rod extending from one side of the machine to the other. The shift- 
up cam is operated directly from the right keylever marked LOWER CASE, 
while the LOWER CASE keylever on the left side operates the shift-up cam 
through its associated equalizing rod. Thus, each equalizing rod transfers 
keylever motion from one side of the m^achine to the other. 

When either of the shift keylevers marked UPPER CASE is depressed, the 
shift cam at the left side of the power roll operates. As the cam rotates, a 
pull is exerted on the left toggle release lever, which pivots on the ribbon 
lift bar fulcrum wire bearing. While the toggle release lever pivots, its 
upper inturned finger, which abuts the toggle lever, moves the toggle lever in 
a clockwise direction (figure 6-68). As the toggle lever pivots, it disengages 
the toggle linkage consisting of the bracket operating lever, the toggle lever, 
and the rock shaft operating lever. The bracket operating lever exerts a 
downward push on the bracket such that the basket is started down toward its 
upper case position. Downward motion of the bracket causes the rock shaft 
operating lever to move the rock shaft and thereby transmit the motion to the 
opposite side of the basket, resulting in a parallel basket motion. 

The tension of the basket tension spring holds the basket in the up position; 
but as the basket moves downward, the tension of the spring decreases until 
che spring reaches a dead center position m which i^ no longer has a holding 
effect on the bracket operating lever. However, a similar spring on the 
right side simultaneously increases tension on the right bracket operating lever 
(which is reversed). This spring moves from a dead center position to an 
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Figure 6-67. Ribbon Reverse Mechanism. 
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Figure 6-68. Shift Mechanism -- Lower Case Position. 
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effective position on its operating lever such that the basket, when it reaches 
the down position, is held there under substantial tension of the basket tension 
spring {figure 6-69). 

Adjustable stops limit the amount of movement of the basket travel, 
Linnitation of movement is accomplished by the toggle lever striking the 
inturned finger of the toggle release lever, which in turn, applies pressure 
to the release lever extension. The stop, therefore, prevents the lever 
from moving further. 

To return the basket to the up position, either of the shift keylevers 
marked LOWER CASE, when depressed, operate the right shift cam. The 
same action previously explained takes place except that the toggle is disen- 
gaged on the right side while the left toggle holds the basket in the up 
position. 

Paper Feed Operation 

Paper is fed by the platen (when it is rotated) through pressure maintained 
against the plate by feed rolls mounted in deflector yokes under the platen. 
Compression springs, supported by screws in the carriage base, provide the 
necessary lift, assisted by a torsion spring attached to the left end of the 
feed roll actuating arm. 

Release of the tension is accomplished by moving the paper release lever 
toward the front. This action moves a toggle lever Assembly on the left end 
of the carriage such that the feed roll actuating shaft rotates downward toward 
the rear. The feed roll actuating arm is then lowered, causing the deflector 
and feed rolls to drop away from the platen, (figure 6-70). 

A line gage card holder (figure 6-71) holds cards and multiple copies close 
to the platen, and also aids in aligning copies to strike a correction in the 
exact position of the original character. The line gage further enables an 
operator to locate a desired writing line. 

Line Spacing 

Line spacing is accomplished by the initial pull on the carriage return 
tape operating the platen indexing mechanism. Pull of the tape is transmitted 
through the hook lever assembly to the index pawl carrier assembly which 
causes the pawl to enter a platen ratchet tooth and rotate the platen (figure 
6-72), Provision is made for spacing different numbers of ratchet teeth 
with each operation of the line space mechanism by changing the position of 
the line space lever. The change in the line space lever position, in turn, 
varies the position of the index pawl which then allows the pawl to enter 
the ratchet at a different point. An adjustable stop is provided to prevent 
overthrow. No manual carriage return and line space lever is provided. 

Carriage and Rails 

The carriage assembly provides support and movement to the platen 
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Figure 6-69. Shift Mechanism -- Upper Case Position. 

such that it holds the paper in correct relation to an operated type bar. 
Front and rear rails provide the means by which the carriage may be moved 
laterally with a mxinimum amount of friction while simultaneously holding 
the surface of the platen correctly at the printing point. 

Figure 6-73 pictures the carriage, rails, and a truck assembly. Six of 
these trucks are used with the 16-inch carriage. Purpose of the truck assem- 
blies is support of the carriage in the rails. Each truck assembly body 
contains four steel rollers and a star wheel, or gear. The four surfaces 
formed by each rail and the side of the carriage adjoining that particular 
rail, enclose a square opening that constitutes a guide within which the 
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Figure 6-70. Paper Feed Mechanism. 
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Figure 6-71. Line Gage - Card Holder. 
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Figure 6-72. Line Space Mechanism. 

trucks move. All of these surfaces are ground to a close tolerance. 

The four rollers located in the truck assemblies ride along two opposite 
ground surfaces while the star wheels engage the rack gears which are an 
integral part of both the rails and carriage. Action of the star wheels is 
such that the trucks always move to give maximurn support to the carriage 
in any position. Thus, the carriage is supported on all twenty-four rollers, 
regardless of its position along the rails. 

Right and left castings of the base assembly have milled surfaces to hold 
the rails in true relation to the power frame and type bar segment. The 
rails are fastened to the base by four screws. Position of the rear rail can 
be adjusted forward or backward with adjusting screws. This permits 
adjustment for true lateral motion as well as keeping the rails spaced such 
that the carriage will not be loose. 



Escapement Operation 

The escapement mechanism provides carriage support simultaneous with 
movement of the carriage a uniform distance for each operation of a type or 
space bar. The escapement used in the RECOMP III Flexowriter is of the 
mono-spacing type in which all characters, both in upper and lower case 
have exactly the same spacing. Figure 6-74 shows the escapement mech- 
anism together with the escapement rack and the carriage tension tape. 
The escapement mechanism is made up of several assemblies which are 
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described separately in following paragraphs. These assemblies are: 

Escapement Pinion and Ratchet Wheel -- A machined part consisting 
of a ratchet wheel, an escapement pinion, and a governor drive pinion. 

Escapement Wheel-Hub and Carriage Return Ratchet -- A manufactured 
assembly consisting of an escapement wheel, a release ratchet, and 
a carriage return ratchet mechanism. 

Escapement Rack -- A long rack gear fastened to the bottom surface 
of the carriage assembly. 

Escapement Pawl Carrier -- An assembly consisting of a pawl carrier 
frame, a movable pawl, and two adjustable pawl stops. 
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Figure 6-74. Escapement Mechanism. 
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Escapement Pinion and Ratchet Wheel 

The escapement pinion and tatchet wheel works in conjunction with the 
carriage return pawl on the escapement wheel - hub and carriage return 
ratchet mechanism in such manner that the carriage can only move in direct 
relation to the escapement rack. Meshing of the escapement pinion with the 
escapement rack connects the escapement mechanism to the carriage assembly. 
The governor drive pinion meshes with a gear of the tab governor assembly 
to regulate the speed of the carriage during tab operation. 

Escapement Wheel-Hub and Carriage Return Ratchet 

Control over the amount of carriage escapement for each operation of a 
type or space bar is provided by the escapement wheel-hub and carriage 
return ratchet assembly. The release ratchet of this assembly controls the 
carriage return pawl which is pivoted on the carriage return ratchet mech- 
anism. This mechanism, together with <i detent pawl, prevents any reverse 
rotation of the escapement wheel. 

Component parts of the escapement wheel-hub and carriage return ratchet 
mechanism always move in unison. However, the release ratchet may be 
moved a few degrees in a clockwise direction (when viewed from the front) 
without affecting the other parts of this mechanism. Moving the release 
ratchet in a clockwise direction lifts the carriage return pawl from engage- 
ment with the escapement ratchet wheel. This frees the escapement wheel- 
hub and carriage return ratchet assembly from the escapement pinion and 
ratchet wheel assembly. Thus, the escapement pinion can rotate in a clock- 
wise direction (carriage movement to the right) during carriage return and 
backspacing operations, without any movement of the escapement wheel. 

Escapement Rack 

The escapement rack meshes with the escapement pinion gear of the 
escapement mechanism; the carriage tension tape is attached to the right 
end of the rack. 



Escapement Pawl Carrier 

Mounted on two pivots, the escapement pawl carrier is moved by the trip 
slide of the escapement mechanism. Carrier side motion is limited by two 
adjustable pawl stops. The pawl carrier is moved by the trip slide only an 
amount sufficient to allow the pawl to clear the escapement wheel and move 
to the pawl's upper stop. Simultaneously, the escapement wheel is kept from 
moving by a stop which engages one of the wheel's teeth. When the pawl 
carrier is rettirned to normal position, one tooth of the escapement wheel 
engages the pawl and moves the pawl to its lower stop. Pawl movement is 
always equivalent to a one-tooth-space movement of the escapement wheel. 
The pawl movement is then carried through the assembly to the escapement 
rack. 
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^optr Topt Paneh 

The tape punch perforates predetermined codes (in paper tape) which 
represent characters or functions initiated in the reader or keyboard, or 
received from the computer. This recording of information in paper tape 
is accomplished by converting electrical impulses received from eithei? the 
code selector (keyboard), tape reader, or the input-output driver boards 
(computer). 

When a code punch magnet is energized, the resultant upward movement 
of its armature releases its associated latch lever. Release allows spring 
tension to pivot the latch lever in a clockwise direction which, in turn, per- 
mits the latch lever recess to engage the end of the punch lever. Simultane- 
ously, energization of the punch clutch magnet occurs, and the clutch 
connects the constantly running drive gear with the punch operating shaft 
(refer to Punch and Translator Clutches in this section). 

As the punch operating shaft rotates, the punch lever frame and pivot 
rod assembly raises and lowersin accordance with the contour of the punch 
lever actuating cams. This action results in the corresponding raising 
and lowering of those punch levers and associated code punches engaged by 
latch levers (those which are to perforate the tape to represent binary ones). 
Latch lever engagement of the selected punch levers holds them against 
the drive arm pivot stud as their opposite ends are moved upward. (The 
punch lever corresponding to the feed hole punch position, however, is 
permanently held against the drive arm pivot stud, resulting in a feed hole 
tape perforation for each punch operating shaft revolution). 

Return of the latch levers to their home position begins when a latch 
lever actuating stud on the inner face of the contact bail operating cam 
raises the latch lever restoring bail arm. This action initiates a counter- 
clockwise pivbt of the latch lever restoring bail, moving the latch levers 
past their armature latching position. Simultaneously, the latch lever re- 
storing bail operates the knockoff bail to release any armature still adhering 
to its punch magnet core. Upon completion of the armature knock-off action, 
the latch lever restoring bail returns to its normal position, thus enabling 
re-engagement of the latch levers in their respective armature notches. 

During the restoring action, the tape feed pawl cam and feed pawl lever 
arm rotate counterclockwise, which imparts a clockwise motion to the detent 
gear. Rotation of the detent gear and its associated tape feed sprocket ad- 
vances the tape in 1/ 10 inch increments. Stabilization of the tape feed 
mechanism is accomplished by the detent, lever and spring assembly. 

Three arms in the tape contact mechanism prevent punch operation when 
the tape runs out, tears, or binds (figure 6-75). Operation is prevented 
through closure of the tape punch switch contacts by one of the following means; 

Hold- Down Arm -- Lifting of the tape hold- down arm closes the tape 
punch switch contacts by causing clockwise movement of the tape 
control bail through the hold- down arm and run-out arm linkage. 

Run-Out Arm --If the tape tears or runs out, the run-out arm. drops 
below the tape table, causing tape control bail clockwise movement. 
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Figure 6-75, Punch Tape Contact Mechanism. 

Tape Tension Arm --If the tape binds during operation, the tension 
arm moves clockwise, causing tape control bail clockwise movement. 



Paper Tape Reader 

The paper tape senses the codes in a punched tape and translates the 
codes into electrical impulses for subsequent routing to either the translator, 
punch, or computer. 

When reader magnet LR is energized, the feeler pins move up toward the 
tape. If any code holes are over feeler pin positions, the pins move through 
the holes and release the contact lever, allowing the corresponding pin contact 
to be operated. The contacts remain closed for 50 rnilli sec ends. Subsequent 
cam action then lowers the feeler pins below the level of the tape, and the pins 
are then locked in position until the next cycle. The tape feed pinwheel then 
advances the tape 0.10 of an inch to complete a reading cycle. 



Reader Shaft and Cams 



Motive force for reader operation is derived from the Flexowriter main 
drive system through a continuously rotating shaft with three cams (figure 
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Figure 6-76. Reader Shaft and Cams. 

6-76). The cams (interposer bail, feed pawl, and armature knock-off), in 
turn produce the various reader actions and operation timing. 

Reader cycle duration is controlled by the arn-iature knockoff cam 
(figure 6-77). If the magnet is energized at a point where the follower of the 
armature knockoff arm is riding on the high lobe of the armature knockoff 
cam, the armature cannot be moved to the core of the magnet. The high 
lobe thus prevents the reading cycle from taking place until the follower of 
the knockoff arm is on the low side of the knockoff cam, at which point the 
armature can be attracted to the energized magnet. 

Feeler Pin Operation 

When the armature is attracted to the energized magnet core, the upper 
arm of the armature moves the control arm in a clockwise direction, re- 
leasing the interposer bail arm. The interposer bail arm in following the 
interposer bail cam contour, then (figure 6-78) rocks and raises the inter- 
poser bail assembly. This action causes the interposers to rise because of 
spring tension of their respective springs, raising the feeler pins in the guide 
block which then enter any tape perforations (figure 6-79). 



As the feeler pins are entering their respective code holes, the associated 
interposers rise and free the interposer shoulders from blocking the paths 
of their respective contact levers (figure 6-80). Accordingly, when the 
interposer studs rise above the contact lever bail rollers, the contact levers. 
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Figure 6-11. Magnet Armature Control. 

now freed of the interposer shoulders, move inward under contact strap 
spring tension and actuate the required reader contacts. 

If there is no code hole positioned over a feeler pin, the pin rises to the 
tape and touches it with a light pressure (figure 6-81). However, because 
the interposers do not release the contact levers, the reader contacts are 
not actuated. 

As the interposer cam rotates and its high point rides in contact with the 
cam follower, the interposer arm and bail assembly is pivoted in a counter- 
clockwise direction on its pivot shaft and the control arm is moved inward by- 
its return spring tension. Inward movement of the control arm allows it 
to engage the latch end of the interposer bail arm, thus keeping the bail 
arm from further contact with the interposer bail cam. This action causes 
the interposer bail to lower the interposer arms into their contact lever 
blocking position, depress the feeler pins below the tape level, and lower 
the interposer studs. Lowering of the interposer studs separates the contact 
lever bails, which restores the reader contacts to the non-operate position. 



Tape Feed Operation 

The tape feed mechanism feeds the tape the equivalent of one code 
position for each cycle of the reader. Tape feed occurs during the latter 
part of the cycle, following the reading of the code. Feeding of tape is iinder 
control of the tape feed cam (figure 6-82), 

Tape advance occurs after the code feeler pins have returned to their 
rest position below the tape level. However, the tape advance mechanism 
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Figure 6-7 8. Interposer Bail Operation. 
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Figure 6-79. Feeler Pin and Contact Operation. 
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Figure 6-80. Feeler Pin Reading Code, 

begins to operate before the control arm latching point engages the inter - 
poser bail arm to terminate code hole sensing. 

When the interposer stud moves up from between the pin contact lever 
bails and the bails move toward each other, an auxiliary latch moves to the 
right. Then, when the cam follower of the feed pawl operating arm momen- 
tarily touches the high point of the tape feed cam, the latching end of the 
operating arm moves downward. The downward movement allows the feed 
pawl latch to move clockwise under feel pawl latch spring tension. Clock- 
wise movement permits the feed pawl operating arm roller to follow the 
tape feed cam, thus operating the feed pawl, ratchet wheel, and pin wheel. 
An adjustable feed pawl stop controls the movement of the feed pawl such that 

assembly holds the feed ratchet wheel in position between tape advancements. 



Tape Hold- Down Lever 

The tape hold-down lever holds the tape against the pin wheel and guides 
the tape as it is being advanced (figure 6-83). When the tape hold-down 
lever is moved away from the hold position, the reader tape contact is opened 
preventing reader operation. 
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Figure 6-81. Feeler Pin Stopped by Tape. 
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Figure 6-82. Tape Feed Mechanism. 
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Code Selector 

Function of the code selector is to establish the appropriate binary-coded 
representation for each character and operation of the keyboard during its 
operation with the punch, punch and printer, and computer. The selector 
is designed to choose any code combination composed of up to 12 binary digits 
(bits). Operations of the RECOMP III computer system, however, use only 
a 6-bit code which produces a maximum of 64 code combinations. 

To operate the required electrical contacts, the selector contains an 
assembly of 26 front and 25 rear selector slides which are mechanically 
actuated by the keyboard-printer frontand rear cams (figure 6-84). Rotation 
of a cam causes a sliding movement of its respectively coded selector slide. 

The selector slides are positioned to operate a group of seven lower and 
six upper transverse bails which operate contact shafts with tabs that, in 
turn actuate switch contacts. In the lower group, one bail is employed for 
each of the six bits of the code. The 7th bail is always operated by each 
selector slide. In the upper group an identical arrangement exists for code 




Figure 6-83, Tape Hold-Down Lever. 
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Figure 6-84. Code Selector. 

channels one through five. Channel six is handled through a special dual 
tab and contact arrangement with the 7th lower bail. 

Coding of the selector slides is determined by the cam surfaces that 
operate the code bails (figure 6-85). A different combination of bails is 
operated by each individual selector slide displacement. Figure 6-86 
illustrates typical slide displacement by front and rear cams, respectively; 
the illustration inset shows a transverse bail in the operating (raised) posi- 
tion resulting from selector slide action. 

The transverse bails close electrical contacts located on the right 
selector end plate by actuating their respective contacts with the contact 
shaft and tab assembly. In the lower group, the contact shaft has two tabs 
to provide the 6th channel in Compute mode. The upper group of contacts 
are used during output to the computer; the lower group are utilized to 
actuate the punch magnets. Selection between the contact groups is depend- 
ent upon the position of the LOCAL-COMPUTE and PUNCH ON switches. 



Code Translator 

During operations with the printer, the code translator (figure 6-87) 
translates coded electrical impulses into mechanical selection and operation 
of printer keylevers. When operating with the punch, the translator only 
conveys the impulses to that device. 

Translation during printing consists of energizing the code magnets for 
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Figure 6-85. Selector Slide Coding. 
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a binary-coded digit and one magnet for operating a single -revolution 
mechanical clutch, then utilizing the magnet operation to move levers and 
initiate translator shaft rotation. The levers, called seekers, hook over 
studs on the printer keylevers which, in turn, actuate the typebars and 
cause other printer operations. A drive gear meshes with a power gear to 
provide rotation of the translator shaft when the clutch armature is released. 
During the shaft operation cycle, a selected seeker is moved to operate 
its associated keylever. 

When using 6-bit code, the translator consists of two magnet yoke 
assemblies. These assemblies are identical except for the mounting plate 
and the n\imber of coils and armatures. The magnet yoke assembly 
nearest the clutch end of the translator consists of four magnets and four 
armatures; the other magnet yoke assembly, three magnets and three 
armatures. In general, during a tape reader or computer output cycle, 
if channel one of a code contains a binary one, a circuit is completed to 
the coil of the number one code magnet in the translator. This circuit is 
similar for each of the seven magnets. Energization of the translator 
magnets is described in detail under Functional Circuits Operation in this 
section. 
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Figure 6-86. Front and Rear Slides. 
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Figure 6-87. Code Translator. 



Permutation Bars 



Each of the code translator armatures controls a permutation bar by 
normally holding it in a non-operated (latched) position. When the magnet 
is energized, the armature is attracted, releasing the bar( figure 6-88). 
A plunger spring then moves the bar horizontally until the restoring stud 
on the bar strikes the restoring bail. 

The seven permutation bars are similar, except on their projection or 
notched sides (figure 6-89). Projections are arranged to prevent movement 
of all seekers when the bar is in the normial position; and to permit seekers, 
corresponding to correct codes, to move into notches when the bar is in the 
operate position. A view of the permutation bars looking at the projection 
side (figure 6-90) shows the bars are not arranged in numerical order. This 
configuration is due to the positioning of the magnets. The bars are arranged 
such that, for any given combination of operated and non-operated bars, there 
is only one seeker position without projections. Accordingly, for each trans- 
lator cycle, only one seeker operates its corresponding keylever. 

As an example of permiutation bar operation, (figure 6-91) if bars 2,3, and 
4 are released (moved to the left), the space opposite the letter "C" seeker 
is opened, while the spaces opposite the remaining seekers are closed. This 
operation is shown in figures 6-90 and 6-91. Note in figure 6-91 that the 
"C" seeker is seated in its opening by seeker spring tension. 
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Figure 6-88, Permutation Bar Latched. 
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Figure 6-89. Sample Permutation Bar. 
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Figure 6-90. Permutation Bars Non-Operated. 

Although energization of the clutch magnet occurs simultaneously with 
that of the code magnets, because of slower clutch action, the permutation 
bars move and permit proper seeker operation before another translator 
shaft rotation. 



Translator Cams 



The translator shaft contains 13 cams, 5 for mechanical and 8 for 
electrical actions. Of the five for inechanical action, two are identical 
seeker restoring bail cams, one at each end of the translator shaft. When 
the shaft is at rest (clutch disengaged), these cams hold the seeker restoring 
bail against the seekers to prevent their seating in the permutation bar crenels, 

Operation of the translator clutch is similar to that of the tape punch 
clutch. When operated, it permits one complete rotation of the translator 
shaft. Detailed information on clutch operation is given under Punch and 
Translator Clutches in this section. 

Contour of each cam is such that when the shaft rotates, the cam follower 
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Figure 6-91. Permutation Bars Operated. 
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Figure 6-92. Seeker Restoring Bail. 
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spring holds the cam follower against the cam surface (figure 6-92). When 
the cam follower moves over the cam's flat contour, the seeker restoring 
bail is pulled inward, allowing the proper seeker to engage in the respective 
permutation bar crenels. As the cam approaches the end of its cycle, the 
seeker restoring bail allows the seeker to move away from the permutation 
bar crenels, thus restoring the seeker. 

The two seeker operating bail (mechanical) cams, one at each end of 
the translator shaft, also are identical. If a seeker is allowed to move 
inward during the shaft cycle, just after it achieves maximum inward 
movement, an operating bail engages the notch on the seeker and pulls the 
seeker downward (figure 6-93). This action then pulls the corresponding 
keylever downward. 

Located on the clutch end of the translator shaft (figure 6-94) the fifth 
mechanical cam operates the permutation bar restoring bail. During the 
latter part of the shaft cycle, the bar restoring bail moves all bars back 
beyond the latching point of their respective armatures before allowing them 
to latch. This bar overtravel results in the bar restoring stud moving the 
knock-off bail arm of the magnet yoke assembly (figure 6-95), The arm is 
pivoted, causing the knock-off bail to contact all the armatures and move 
them away from the magnet core. This knock-off action ensures positive 
latching of the bars with their respective armatures. 



Punch and Translator Clufches 

The clutch mechanisms used on the tape punch and translator are identical 
except for several changes on the punch clutch mechanism which adapt it for 
higher speed operation. Function in both instances, however, is to permit 
mechanical power to be transmitted from a continuously rotating gear to a 
drive shaft when a clutch magnet is energized. Figure 6-96 illustrates the 
tape punch clutch and the relative position of its component parts; figure 
6-97 illustrates the translator clutch. 

A disassembled clutch mechanism is shown in figure 6-98, The clutch 
spring is close-wound from rectangular wire. Dimension of the inside 
diameter of the spring when it is not expanded is maintained very accurately 
to enstire secure spring grip on both the gear hub and the clutch collar. The 
erid of the spring which fits into a recess in the clutch collar has a right angle 
bend and rides over the clutch collar as far as the end of the clutch spring 
slot. The opposite end of the clutch spring rests against a pin that protrudes 

When the clutch magnet yoke assembly is not energized and the end of its 
armature is resting against the raised edge of the clutch sleeve, the clutch 
spring is sufficiently expanded so it does not grip the hub of the driven gear. 
The driven gear then rotates freely without turning the shaft. Wh6n the magnet 
yoke assembly is energized initiating the on cycle, the end of the armature 
disengages from the edge of the raised surface on the clutch sleeve outer 
diameter. This disengagement allow^s the clutch sleeve to rotate in a clock- 
wise direction. The pin located in the sleeve inner diameter then moves 
away from the end of the spring, which allows the spring to contract and grip 
the gear hub. Because the other end of the spring is simultaneously trans - 
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Figure 6-93. Seeker Operating Bail. 
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Figure 6-94. Bar Restoring Bail. 
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Figure 6-95. Armature Knock-off. 

ferring clockwise rotary motion to the clutch collar and shaft, the spring 
winds tighter on the gear hub and the shaft then rotates through one punch 
or translator cycle. 

On the punch, due to its rapid operation and the long current decay time 
of the magnets, the off cycle is initiated by action of the knock-off cam and 
overtravel stop. On the translator, operation is slower and the knock-off 
cam and follower are not required. Accordingly, the combination knock-off 
cam and overtravel stop is replaced by the overtravel stop on the trans- 
lator. Both clutch mechanisms incorporate an armiature stop bracket to 
prevent armature drag on the clutch sleeve when the magnet yoke assembly 
is not energized. 

After the armature moves away from its magnet cores, it again engages 
the edge of the raised surface on the clutch sleeve. This engagement stops 
the sleeve rotation which unwinds the clutch spring, releasing the gear hub. 
Shaft rotation continues, however, until the overtravel stop comes into 
effect. The detent is then overthrown, and the detent lever locks the clutch 
mechanism with the clutch spring in the slightly unwound position, ready for 
the next on cycle. 



Control Circuits 

The typewriter control circuits consist of punch circuits, reader and 
translator circuits, amplifying circuits (driver boards), and control net- 
work circuits (logic network boards). Both the driver and logic network 
boards are mounted on a chassis in the desk. The following descriptions 
of the control circuits state the purpose and general operation of each circuit 
involved in controlling Flexowriter actions. Detailed operation of all circuits 
in the Flexowriter during both local and compute modes are presented by 
function under Functional Circuits Operation. A glossary of circuit and 
signal designations and definitions is given in table 6-6. 
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Figure 6-96. Punch Clutch Magnet Adjustments, 
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Figure 6-97. Translator Clutch Magnet Adjustments . 
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Figure 6-98. Clutch Mechanism Disassembled. 
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Figure 6-99. Clutch Mechan-isiri Cutaway -- Side View, 
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Key Lock Magnet 

All keylevers are locked when power is off. When the POWER ON switch 
(SI) is placed at ON, the keylock magnet is energized permitting keylever 
action except during the following functions: carriage return, tab, backspace, 
delay control, stop code, punch error, and no tape or incorrect tape tension. 

Clutch Magnet Circui t 

The clutch magnet circuit controls both the punch and translator clutches. 
Consequently, energization of the magnet causes both the punch and translator 
to start a cycle of operation. Operation of the clutch magnet circuit and the 
utilization of signals generated during the punch and translator cycles are 
described under Functional Circuits Operation in this section. 

Anti-Repeat Circui t 

Under certain conditions, the punch completes a cycle of operation before 
the selector common contact opens. To prevent a repeat punch cycle, an 
anti-repeat circuit is incorporated with the punch code and clutch magnet 
circuits. At the start of a punch cycle, punch lock contacts transfer to (1) 
complete a circuit to the anti-repeat relay and (2) open the circuits to the 
punch code and clutch magnet circuits. If the selector common contact is 
still closed when the punch lock contacts return to normal, the anti-repeat 
relay is held energized by its own transfer contacts because the punch lock 
contacts are of the make -before -break type. The anti-repeat relay then 
remains energized as long as the selector common contact remains closed, 
thus preventing energiza,tion of the pxinch code magnets even though the 
punch lock contact has returned to norhnal. Inability to energize the code 
magnets then prevents repeat operation of the punch regardless of the length 
of time the selector contacts temain closed. 



Punch STOP CODE Circuit 



This circuit causes perforation of the tape in the 2nd, 4th, and 6th 
channels which, when read as a code by the tape reader, automatically stops 
tape reader operation. Depressing STOP CODE switch energizes the code 
relay completing a circuit to the punch code magnets and to the clutch magnet. 
Although all of the code relay contacts are closed when STOP CODE switch 
is depressed only the 2-4-6 code magnets are energized. Regardless of the 
length of time the STOP CODE switch is depressed, only one cycle of the 
punch is possible because the anti-repeat relay was energized from the STOP 
CODE switch instead of the selector common contact. 



Punch CODE DELETE Code Circuit 

The CODE DELETE circuit causes perforations of the tape in channels 1 
through 6 which are read as a code by the tape reader but do not result in 
any operation by the printer. Consequently, this 1-2-3-4-5-6 code is used 
for deleting a code in the tape which was made through an error by the operator. 
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Depressing CODE DELETE switch energizes the code delete relay which 
completes a circuit to the punch code magnets and clutch magnet. All six 
punch code magnets are energized. Regardless of the length of time the 
CODE DELETE switch is depressed, only one cycle of the punch is possible 
because the anti-repeat relay was energized from the CODE DELETE switch. 



Tape Feed Circuit 



A tape feed circuit is used to advance the tape through the tape punch unit 
and simultaneously perforate sprocket holes only in the tape. Pressing and 
holding the TAPE FEED switch energizes the punch clutch magnet, allowing 
continuous operation of the punch. 

Manual Start and Stop Circuits 

Depressing the START READ switch energizes the tape reader magnet 
to start a reader cycle of operation. The start circuit is completed through 
the reader control relay, with a holding circuit keeping the reader magnet 
energized after the START READ switch is released. Once the circuit to the 
reader miagnet is established, the magnet will remain energized and the 
reader will operate continuously until the reader magnet circuit is broken 
automatically (by delay control) or by depressing the STOP READ switch. 

When the STOP READ switch is depressed, the holding circuit to the 
reader control relay is broken. The reader magnet de-energizes, stopping 
reader operation. 

Delay Control Circuit 

The delay control circuit is essential during printer operation to delay 
operation of the tape reader until a function in the printer has been completed. 
Three functions require more operating time than is necessary for printing' 
characters: these are carriage return, back space, and tabular. When the 
delay control relay is energized, the circuit to the reader magnet is opened, 
stopping reader operation. Transfer of the delay control relay contacts allows 
a holding circuit to the delay control relay to be established. 

For example, if a carriage return code is read into the reader at the 
same time the holding circuit is coinpleted to the delay control relay, a 
circuit would be completed to the translator magnets and the translator 
clutch magnet. ' The translator would operate, pulling down the carriage 
return lever, and starting a carriage return function. Operation of the 
carriage return mechanism would then open the holding circuit contacts to 
the delay control relay. The delay control relay contacts then would return 
to their normal position, but the circuit to the reader magnet would not be 
completed until the carriage returns to the left margin and the clutch toggle 
unlbck. When unlocking occurs, the carriage return contact would close to 
complete the energizing circuit to the reader magnet, and to start reader 
operation. 



6-146 



STOP CODE Reader Halt Circuit 

When a STOP CODE is read by the reader, the holding circuit for the 
reader control relay will be broken, thus de-energizing the reader magnet and 
stopping reader operation. The START READ switch must be depressed to 
start reader operation again. 

Origin-Sector Channel Read Enable Circuit 

Depression of the START READ switch while the Flexowriter is in compute 
mode generates R , by causing routing of -12 volts to JLZrll. However, this 
signal has no effe<rc except when the START READ switch is held down simul- 
taneous with manipulation of the OPERATION switch on the control console. 
The R , signal then causes execution of the Bootstrap Read routine in the 

origin-sector channel. R , is routed to the same terminal in the computer as 

R- from the control console. Execution of the routine is performed in the 

g 
same manner, regardless of the source of the R signal. Routing of the -12 

volts to produce the R r signal is accomplished by compute mode relay K12 

being energized and closing its contacts 16 and 17 and the START READ 
switch upon depression causing energization of K27 with subsequent closing 
of its contacts 3 and 4. 



Functional Circuits Operation 

The following individual descriptions of the circuits within the Flexowriter 
are presented by function to facilitate understanding and troubleshooting. 
Description of the compute mode operations give switch settings of the 
Flexowriter controls only; it is assumed that switches on the computer control 
console have been set to their correct settings for the particular operation 
described. In addition to descriptions of the circuits that are active during 
the various local and compute mode operations, explanations also are pre- 
sented on the power supply and motor circuits. 

Schematics of the individual circuits are presented with the respective 
circuit descriptions; a schematic of the complete Flexowriter circuitry is 
shown in Section 7, Schematics and Diagrams, of the Service Manual. A 
glossary of circuit and signal designations used in Flexowriter operation is 
presented in table 6-6 of this manual. 

Keyboard to Computer (Compute Mode) 

"With switch SI at ON and switch S2 at COMPUTE, signal (Rj^^) from the 
computer energizes input control relays K8 and K9 and lights the INPUT 
indicator. Energizing relays K8 and K9 changes input from tape reader to 
keyboard using contacts SS6-SSI2. As a character or function keylever is 
depressed, the SS contacts (table 6-6), representing the code for the charac- 
ter or function, transfer and put -12 volts (figure 6-100) on the selected K 
lines (K^f through Kg^). 
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Figure 6-100. Keyboard to Computer Input Circuit (Compute Mode). 
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The -12 volts is supplied from the computer to the keyboard-printer 
through JL2-15. A -12-volt level is also applied to contact SS-7 (code 
selector common) which, when at rest, sends signal T' to the computer and, 

when transferred, T^ (an input sampling signal). Refer to figure 6-101. 
for code selector contact timing. 

Tape Reader to Computer (Compute Mode) 

With switch SI at ON and switch S2 at COMPUTE, a -12-volt level is 
present on the reader contacts common bus line (figure 6-102) for SRC, and 
SRI through SR8 contacts. Read command signal (R ) energizes reader 

magnet LR through SRT contacts to start reader operation. Reader contacts, 
corresponding to the code sensed by the reader pins, transfer and a -12-volt' 
level appears at the applicable input lines K^^ through K^. SRC contacts 5, 

6, and 7 produce terms T^ and T'^ which indicate when a code is being sensed 

by the reader pins or when the contacts are at rest position, respectively. 

Computer to Punch (Comp ute Mode) 

With switch SI at ON, and switch S2 at COMPUTE, the system in output 
mode, and the tape punch selected as the output device (figure 6-103), signal 
'■■^kd-' energizes both the punch and translator clutch magnets. Signals that 

appear at input lines JLl-1 through JLl-8 energize corresponding punch 
code magnets. The translator is cycled together with the punch to produce 
required timing signals O^ and T , Normally closed contacts 1 and 2 of 

relay K 14 furnish signal P to the computer. Figure 6-104 shows the P signal 
generation circuitry. 



NOTE 

TIMES SHOWN ARE NOT TO BE CONSIDERED 
TRUE FOR ALL MACHINES. BASICALLY THE 
T^ AND T^' SIGNALS MUST FALL IN BETWEEN 
K, AND NOT EXCEED TIMES INDICATED. 



Figure 6-101, Code Selector Contact Timing. 
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Figure 6-102, Tape Reader Input to Computer Circuit (Compute Mode), 
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Figure 6-103. Punch Circuit With Punch Selected (Compute Mode). 
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Figure 6-104. P Signal Generation. 



Computer to Printer (Compute Mode) 

With switch SI at ON and s-witch S2 at compute, signal (P, ) energizes 

relays K6, K7, and K14 (RRCl, RRC2, and RRC3) to select the printer for 
output (figure 6-105). K14 energizes last, allowing contacts on relays K6 
and K7 to switch the output circuit from the tape punch to the translator for 
printer action and to stabilize before the K signal becomes true. The K 
signal is used in the gate for signal [P, j] which, among other functions, 

energizes the translator clutch magnet and translator code magnets LTl 
through LT7. Magnet LT? is energized so that a blank key operation will 
occur if no code magnets have been energized. (Translator contacts STC-2 
are in operation during the translator cycle and are included in the O signal 

line). Signals appearing on JLl-l through JLl-6 energize corresponding 
translator code magnets. 

Contacts of STC-1 transfer during a translator cycle to generate signals 

T and T' . Normally closed contacts of STC-1 transmit T' and closing 

P P P 

of the normally open contacts transmit T . A-12-volt level is applied to STC-1 

common contact from JL2-15. Refer to figure 6-106 for T and T' signal 

* p p =■ 

generation. 

Output Ready (Compute Mode) 

"With switch SI at ON and switch S2 at COMPUTE, the output ready (O^) 

signal is sent to the computer from the keyboard-printer. O when true, is 

at a -12-volt level and is present only when switch S2 is at COMPUTE and when 
all other contacts of the O interlock circuit are in the proper position. The 

-12 volts for the O signal enters the keyboard-printer at JL2-15 and is 

sent through contacts 16 and 17 of relay K12 to the O signal line. Refer to 

figure 6-107 for O circuit. Contacts included in the O signal line are 
as follows: 
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Normally closed contacts 1 and 2 of relay K2I; this relay is energized 
by either a carriage return or a tab operation which opens contacts 
1 and 2. 

Contacts STC-2 which interrupt the O signal during a translator cycle, 
opening at 65 degrees to 351 degrees of translator operation. 

Contacts 4 and 5 of SCRT which are open during entire duration of either 
a carriage return or a tab operation. 

Contacts 3 and 4 of SBS which are open during a back space operation. 

Contacts 1 and 2 of relay K24 if the computer is transmitting to the tape 
punch; K24 is energized and contacts 1 and 2 opened if the SPT contacts 
are closed. 

Contacts 1 and 2 of LKL are closed if the computer is transmitting to 

the translator except during carriage return, tab, or backspace operation. 

Contacts 2 and 3 of relay K6 which provide O signal to JL2-16 when the 
computer is transmitting to the printer; contacts 1 and 2 of relay K6 
if the computer is transmitting to the tape punch. 

Delay Control During Printing (Compute Mode) 

When the computer is transmitting to the printer, computer operation 
must be delayed for the completion of any printer operation that requires 
more time than the ordinary printing operation. This delay is necessary 
to prevent the computer from transmitting new information to the printer 
before completion of the previous operation. Operations requiring addi- 
tional time are carriage jreturn, backspace, and tabulation. 

To delay operation of the computer, the O circuit must be interrupted. 
Delay control (figure 6-108) is accomplished by three separate operations 
of the circuit: delay control qualifying, primary delay, and function control 
delay. These circuit operations are described in following paragraphs: 

Delay Control Qualifying (Compute Mode) 

Delay control qualifying is accomplished by the operation of translator 
seekers whose respective keylevers will require longer than one printing 
cycle to complete. These seekers operate the SDC (switch delay control) 
which energizes relay K21. 

Primary Delay (Compute Mode) 

Primary delay is accomplished by relay K21 (delay control relay). Be- 
cause SDC is operated for only approximately 10 milliseconds, K21 nnust 
interrupt the O circuit through completion of the operation of the keylever 

which requires delay. 
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Figure 6-105. Computer to Printer Output Circuit (Compute Mode). 
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Figure 6-106. 



T and T ' Signal Generation. 
P P 



Function Delay (Compute Mode) 

If, for example, a tab code is sent to the translator, SDC initially 
energizes K21 which remains energized through its own contacts 3 and 4 
and through normally closed SCRT contacts 1 and 2. Normally closed contacts 
1 and Z of K2I open when the relay is energized, which interrupts the O 

circuit. As soon as the tab keylever is operated, the linkages cause SCRT 
to transfer, opening the circuit to K21. SCRT contacts 4 and 5 continue to 
interrupt the O^ circuit for the duration of the tab operation. When a tab 

stop strikes the tab lever, SCRT is restored by the unlatch cam and the O 

r 
circuit is again completed through SCRT contacts 4 and 5. Delay control 
operation is identical during backspace and carriage return operation except 
SBS or SCRT transfer, depending on the operation selected. 

Transfer of SCRT or SBS breaks the circuit to LKL, which disables the 
keyboard. Translator contacts STC-2 are also included in the O circuit. 
Additional information on the O circuit is given under Output Ready 
(Compute Mode). 
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Figure 6-107. Output Ready Circuit (Compute Mode). 
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Figure 6-108. Delay Control Circuit (During Printing, 
Compute Mode). 



Automatic Carriage Return (Local and Compute Modes ) 

In both local and compute modes, an automatic carriage return occurs 
when the carriage reaches a predetermined position in its travel. Auto- 
matic return is initiated by cams attached to a field switch actuating cam 
mounting plate at the rear of the carriage. The cams operate field switch 
actuators and are positioned such that they transfer field switch 2 (SF2) 
contacts slightly before field switch 3 (SF3) contacts. 

Relay K21 is energized by the transferred SF2 contacts (figure 6-109) and 
then, held through its contacts 3 and 4 and contacts 1 and 2 of SCRT and 1 and 
2 of SBS. Contacts 1 and 2 of K21 open, interrupting the O circuit, and 
contacts 13 and 14 open the LR circuit to halt reader action if it is operating. 

The normally open contacts of SF3 close immediately after SF2 transfers 
and send the carriage return code to the translator through the normally 
v„it^acu. <„uiiL<a.k, Lo uj. ivji.. i_>u HI i„uii& i_>j- i\. J 1 dxiu L^cj ciit: uiieii tjntjrgiiieu uy une 
closing of SF3. The energizing of K31 opens its contacts and disrupts the 
carriage return code path to the translator magnets, thus allowing the 
magnets to be energized one time only. K23 is held energized through its 
contacts3 and 4 and the normally open contacts 2 and 3 of SCRT. Normally 
closed contacts 1 and 2 of K23 are opened and interrupt the circuit of the 
SSC contacts, thereby stopping any code selector-to-punch operation which 
might be atteinpted. 

Operation of the translator carriage return seeker initiates the mechanical 
operation of the carriage return, which transfers the SCRT contacts. When 



6-156 



LKL 
I 



■o ?- 



TD75-76 

-cr~D- 



-il-^_l~ 



TD2 

— o- 



K24 

RPE 



_i6^_jr-^ 



i^-.i- 



Kll 

RCC-2 



K7 
RRC-2 



TA22 

— o— 






.15 



TA23 



JRK 



K9 
RT-2 



*^-t^ — o <^-^ 

K22 ^ SI 

RCR-1 



-v<^^ — f 



1 



s 



TF4 

* — crxH 



r 



K21 
RDC 



TF3 

-CTD- 



^ TFS 

• — a-o- 



TA25 

— o— 



'-^ 



1 TO 

-• ^PUNCH 

CIRCUITS 



i 



,k-^ 



r-L -22 



^-) 



^i* 



K23 
RFC -2 



TO TRANSLATOR 
FOR CARRIAGE 
RETURN CODE 



CR4 



CRl 

-M- 



""^rW 



CR2 

-M- 






CR3 

H4- 



^ — <i 






TDl 

-o- 



K31 
RACR 



Figure 6-109. Automatic Carriage Return (Local-Compute Modes), 
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SCRT contacts I and 2 break, relays K21 and K31 are de-energized. 
However, relay K23 is held energized as previously described. The O^ 

circuit is held open until the completion of the cycle as a result of SCRT 
contacts 4 and 5 being open. At the close of the cycle the SCRT contacts 
return to their rest positions, and the O circuit is completed to enable 
a new cycle to be initiated. 

Keyboard to Punch (Local Mode ) 

With switch SI at ON, switch S2 at LOCAL, and switch S7 (PUNCH ON) 
depressed relay K5 is energized, closing circuits from normal open contacts 
SSC and SSI through SS6 to punch clutch magnet and punch code magnets LPl 
through LP6 (figure 6-110). Depressing a character or function keylever 
actuates the code selector and closes the SS contacts representing the code 
for that keylever. Immediately after the SS contacts transfer, the SSC con- 
tact transfers, ensuring completion of all circuits to the punch code magnets 
simultaneously. 

Positive 48 volts (B+) is always present on the movable contact of SSC 
and is routed through normally closed contacts 1 and 2 of K23, SPL, 13 and 
14 of K2, and 11 and 12 of K24 to LPC and the common bus of SS contacts 1 
through 6. The B+ from the common bus passes through any closed SS contacts 
and contacts of relay K5 to the punch code magnets. 

Because the punch operates faster than the printer and the code selector, 
an anti-repeat relay (K2) is provided. At approximately 90 degrees of 
punch unit operation, the SPL contacts close and energize K2 which is then 
held energized until "SSC opens. If SSC fails to open by the time SPL returns 
to its rest position, relay K24 (relay punch error) is energized and its 

II and 12 contacts open to break the punch circuit to guard against a punching 
error. K24 can be de-energized only by opening SSC and depressing S9 or 
opening SI momentarily. 

Reader to Punch or to Ptuich and Prin ter (Local Mode) 

To duplicate a tape only, switch SI must be at ON, switch S2 at LOCAL, 
switch S7 (PUNCH ON) depressed, and switch S5 (NON-PRINT) depressed. 
If tape content printout is desired simultaneous with tape duplication, all 
switch settings are the same except S5 is not depressed and S3 (START 
READ) is depressed. However, the tape content must be in the RECOMP 

III 6 -channel code for intelligible printout. 

'T't-« OtrTTWAT:) TTT L ~1_-_„„1 „„^„ i^ -^ ^ ^ ^ ^ „ ^ -^-.^ -f^*. -! -r^^-^.H 4 ^; U1 « v«v.;.-.4-/->ii4- 

J. X117 J.\ JLJV^ V^XVXX J.JLX W — ^11C11111C;J. V^KJVJ.^ XO IXCV^^OOCLX y XV^X XXXI^^XXXgX l-fX^ I^X XXXUW U.U 

because the translator, which converts the coded electrical pulses into the 
mechanical motion needed to operate the keylevers, is capable of correctly 
translating this 6 -channel code only. When punching and printing other than 
6-channel information the punch would produce this error because the 
translator indirectly causes tape selector and, consequently, tape punch action 
and the printout would be unintelligible. 

Reader to Punch Circuit Operation 

Punch control relay K5 energizes, completing circuit path to the punch 
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Figure 6-110. Punch Magnet Circuit (Local Mode). 
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clutch and punch code magnets (figure 6-111). Depressing switch S5 

energizes non-print relays K3, K4, and K20 and reader control relay K22. 

The non-print relays, which are double-coil relays, are held energized by 

a holding circuit to one of the coils through the normally closed contacts 

of S4. With the non-print and punch control relays energized, output of the tape 

reader is sent directly to the tape punch. 

Switch S4 (STOP READ) is adjusted to a make -before -break setting. 
If 54 should be depressed while duplicating a tape and it was not adjusted 
to a make-before-break setting, the holding circuit to the non-print and 
reader control relays would be broken and these relays would return to rest 
position. De -energizing of the non-print relays would then transfer the 
output of the reader to the punch instead of the translator. Relay K22 re- 
turning to its rest position opens the circuit to the reader clutch magnet LR, 
If the non-print relays return to their rest positions just as the reader 
starts a new reading cycle, the output of the reader is sent to the translator 
instead of the piinch for completion of that particular cycle. 

With the contacts of S4 correctly adjusted, the common contact closes 
with the normally open contact before breaking the holding circuit to the 
non-print and the reader control relays. Closing of the common contact 
with the normally opeacontact develops a second holding circuit to the 
non-print relays utilizing their other coils. A repeat depression of 84 
causes opening of the normally closed contacts and breaks the holding circuit 
to the reader control relay (K22) and the first^energized coils of the non- 
print relays. The de -energizing of K22 opens the circuit to LR which halts 
reader action at completion of the cycle the reader is in at that moment. 

If, at the instant 54 is depressed, the reader shaft has just passed its 
zero degree (rest) position, the reader completes this cycle. When 84 
is released, the holding circuit to the second-energized coils of the non- 
print relay through the normally open contacts of 84 is broken. However, 
the non-print relays do not de-energize if the reader is sensing a code at 
this time, because the reader common contacts SRC are then transferring. 
The SRC contacts, which transfer each time the reader cycles, hold the 
non-print relays energized until completion of the sensing period. This 
holding action ensures that the last code sensed by the reader is transmitted 
to the tape punch and not to the translator. 

Reader to Punch and Printer Circuit Operation 

During sinnultaneous tape duplication and content printout, the information 

JTt^ClU. Uy tilt; LdlJC Ji,C;ctVJ.C X i-O \ ± ) ± \J LII-CVA H_/ Ull^ tX Cl,Xi.O JLCH-WJ. o-xxu. \^\jxxv\^j.\,\^\^ xxawv^ 

mechanical action for printing, then (2) mechanical action of the printer is 
reconverted into electrical signals by the code selector and routed to the 
punch for punching. Circuit operation is the same as that described for 
reader-to-printer (local mode) and printer -to -punch (local mode) combined. 
Termination is accomplished by depressing 54, which de-energizes K22 and 
halts reading. However, because the non-print relays are not energized, a 
code sensed by the reader during depression of S4 is only printed. 
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Figure 6-111. Reader to Punch Circuit (Local Mode), 
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Reader to Printer (Local Mode) 

With switch SI at ON, switch SZ at LOCAL, and tape in reader with 
loading gate closed, the reader tape contacts (SRT) will close, completing 
circuit path to LR (figure 6-112). Depressing S3 (START READ) energizes 
KZ2 (reader control relay) which is then held by a holding circuit through 
Its contacts 4 and 5 and the normally closed contact of S4, Reader cycle- 
initiate magnet LR is energized through SRT and contacts on K22 K21 S5 
S3, SDC, SF2, SBS, and SCRT. The B+ current for LR passes through ' 
these contacts to control reader operation, 

Reading stops if the reader loading gate is opened or if a carriage return, 
tab, backspace, or stop code is read. However, after completion of a car- ' 
riage return, tab, or backspace operation, the reader resumes operation 
because K22 is still energized. If a stop code was read, START READ 
switch S3 must be depressed to resume reader operation. Reading can also 
be stopped manually by depressing S4 (STOP READ) which de-energizes K22 
Resumption of operations after de-energization of K22 requires depression 

Immediately after the reader contacts transfer, the reader common contacts 
(SRC), which have B+ supplied to them through contacts 1 and 2 of K12 trans- 
fer and energize LTC and LT7 through STC-3. The B+ through STC-s'is 
also supplied to the common buss of reader contacts SRI through SR8. From 
the reader contacts, the B+ goes to the translator magnets through the 
normally closed contacts on the non-print relays. The translator then 
converts the code holes sensed by the reader pins into the mechanical motion 
needed to produce printed copy. 

Delay Control During Printing (Local Mod e) 

When the reader is sending information to the printer, reader operation 
must be interrupted momentarily when comxpletion of any printer operation 
takes longer than one ordinary reader cycle. This delay is necessary to 
prevent the reader from causing two operations of the printer to overlap. 
Printer operations which require longer than one reader cycle are carriage 
return, tabulation, and backspace. 

Delaying of the reader is accomplished by opening the circuit to reader 
magnet LR (figure 6-113) without de-energizing relay K22. Delay control 
is accomplished by three operations of the circuit (delay control qualifying, 
primary delay, and function control delay) which are described in the 
following paragraphs. 

Delay Control Qualifying (Local Mode). 

Delay control qualifying is accomplished by the operation of the translator 
seekers whose respective keylevers will require longer than one ordinary 
reader cycle to complete. These seekers operate the SDC (switch delay 
control) which opens the circuit to the reader clutch prior to 360-degree 
rotation of the reader shaft, or the point at which LR control arm is offset 
by a cam. In addition, SDC causes K21 to energize. 
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Figure 6-112. Reader to Translator Circuit. (Local Mode). 
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Primary Delay (Local Mode) 

The primary delay is accomplished by relay K21. SDC is operated for 
only about 10 milliseconds, K21 must continue to open the circuit to LR 
after SDC is restored. A holding circuit through contacts 3 and 4 keeps 
Kl energized through completion of the operation of the keylever which 
requires delay. 



Function Delay ( Local Mode) 

If, for example, a carriage return code is read by the reader, SDC 
initially energizes K21 which remains energized through its own contacts 
3 and 4 and through the normally closed SCRT contacts 1 and 2. As the 
carriage return keylever is operated the SCRT contacts transfer, opening 
the circuit to K21. SCRT continues to hold the LR circuit open for the 
duration of the carriage return function. When the carriage reaches the 
end margin, SCRT is restored by the unlatch cam, and the circuit to LR is 
completed allowing the reader to continue normal reading. 

Delay control operation is identical during backspace and tab operations 
except either SBS or SCRT will transfer depending on the operation selected. 
Transferring of SCRT or SBS also breaks the circuit to LKL which disables 
keyboard operation during tab, carriage return, and back space operations. 



•-r-^ TA23 JRK 




Figure 6-113. Delay Co .trol Circuit (During Printing, Local Mode), 
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Tape Feed (Local Mode) 

The tape feed circuit permits the operator to place a length of leader 
tape containing no information at the beginning or end of a program, or to 
separate groups of information on tape with areas of tape containing no infor- 
mation. Code for tape feed causes punching of sprocket holes only. 

Depressing switch S7 energizes relay K5 (figure 6-114). When switch 
S8 is depressed, B+ goes to the punch clutch magnet through contacts 13 and 
14 of relay Kl 1 , contacts 13 and 14 of relay K2, contacts 11 and 1 2 of relay 
K24, and coiitacts 1 and 2 of relay K5. Tape continues to feed until S8 is 
released. S8 is inoperative in the compute mode. 

Punch STOP CODE (Local Mode) 

Depressing the STOP CODE switch (SIO) energizes relay K26 which is then 
held through its normally open contacts 1 and 2 (figure 6-115). The B+ is 
sent to the SPL common contact through normally open contacts 5 and 6 of 
K26, From the normally closed SPL contact, B+ is supplied to the punch 
clutch magnet and through three sets of normally open contacts of K26 to the 
punch code magnets corresponding to the stop code. 

One stop code is punched for each depression of switch SIO because the 
anti-repeat relay was energized from the STOP CODE switch instead of the 
selector common contact. 



Punch CODE DELETE Code (Local Mode) 



An incorrect code punched while preparing a tape can be overpunched with 
the delete code by placing the incorrect code on the tape over the punch pins 
and depressing the CODE DELETE switch. The code delete circuit then 
causes all six channels of the tape to be punched which, when read by the tape 
reader, will be ignored. Energization of the anti-repeat relay from the 
CODE DELETE switch prevents more than one code delete cycle even though 
the switch is held depressed. 




O-o- 



JPK R J-^C 



Figure 6-114. Tape Feed Circuit (Local Mode). 



6-165 



■^1^ 




Figure 6-115. Punch STOP CODE Circuit (Local Mode), 

Multiple CODE DELETE codes can be punched, however, by simultaneously 
holding both the TAPE FEED and CODE DELETE switches depressed. Punch- 
ing of multiple CODE DELETE codes is possible because the anti- repeat relay 
is not energized, S8 keeping SPL energized which in turn opens the circuit 
to K2. Opening of this circuit causes normally closed contacts 13 and 14 of 
KZ to remain closed. 

When punching one CODE DELETE code, depressing switch S9 energizes 
relay K25, which is then held through its contacts 1 and Z (figure 6-116). 
The B+ from the normally closed tape feed contacts, through the normally 
open contacts 6 and 7 of relay KZ5, is applied to the SPL common contact. 
From the normally closed SPL contact, B+ is then sent to the punch clutch 
magnet and the common contacts of six normally open contacts of relay K25. 
"When relay KZ5 is energized, punch code magnets LPI through LP6 are ener- 
gized through the normally open contacts of relays KZ5 and K5. Operation of 
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Figure 6-116 Punch CODE DELETE Code Circuit (Local Mode). 
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anti-repeat relay K2 from the CODE DELETE switch permits only one CJ^E 
DELETE code to be punched. Upon release o£ switch S9, both relays K25 
and KZ are de-energized. 

Rela y Holding and Ignore Stop (Local Mode) 

The reader control relay holding and ignore stop circuitry provides the 
means of (1) stopping reader action if a stop code is read by the reader; (2) 
continuing reader operation, although a stop code is read, if the IGNORE 
STOP switch is depressed; or (3) continuing reader operation although a 
stop code configuration (2-4-6) in another character is read and the IGNORE 
STOP switch is or is not depressed. In effect, this last capability constitutes 
an override of the stop code configuration during reading of characters con- 
taining this configuration as part of their codes. 

Depressing S3 (figure 6-117) energizes relay K22 which is then held 
energized with a holding circuit established by the normally closed contacts 
in reader contact groups SR2, SR4, and SR6. If stop code holes (2-4-6) only 
are read by the reader, the holding circuit to K22 is broken, de-energizmg 
reader magnet LR and stopping reader operation. 

The IGNORE STOP switch (S6) is in parallel with reader contact groups 
SR2, SR4. and SR6. If S6 is depressed, the reader continues to operate 
even though a stop code is read by the reader. 

When a 2-4-6 configuration constitutes only a portion of the binary-coded 
ones in a character, the reader continues Its operations b^^^^^^^^'l^ °V u 
normally open contacts in reader contact groups SRI, SR3, and bRb twhich 
are in parallel with contacts SR2, SR4, and SR6) is operative. 

Fl exowriter Power Supply 

Power for operating all relays and magnets of the Flexowriter is obtained 
from its own self-contained power supply (figure 6-118) . This power 
supply is comprised of a step-down (115 v-48v) ac power transformer and a 
full wave selenium rectifier with an output of approximately 48-volts dc. 
With the power cord plugged into the ac power receptacle in the desk well, 
a 115-volt ac potential is applied across the input terminals of the transformer 
when power switch SI is placed at ON. The dc supply circuit is protected 
bv a 2-ampere slo-blo fuse (F2). Two^ 0.1 -ufd, 200-volt capacitors are 
included in the power supply circuit to prevent transient voltages in the dc 
supply, caused by operation of switch SI, from reaching the computer. 

Output of the power supply is sent to the computer through JLl-15 and 
JLl-17 for computer control of various relays and magnetsu in the 
Flexowriter. An auxiliary ac outlet is provided at the re at of the. tape punch 
to supply power to the tape rewind unit. This auxiliary outlet should not be 
used with any equipment drawing over 10 watts. 



Motor Circuit 

The motor circuit (figure 6-119) consists of a 35-millihorsepower 
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Figure 6-117, Reader Control Relay Holding and Ignore Stop Circuits 
(Local Mode). 
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Figure 6-118. Power Supply. 

constant speed motor (1750 RPM) operating on 1 1 5 volts ac, a power switch 
located on the right side of the keyboard, a two ampere fuse for circuit 
protection, and a starting relay that controls a starter winding in the motor. 

Designated SI, the power switch controls the 115-volt line input to the 
power supply and motor. SI is a single-pole, single-throw toggle switch 
mounted on the switch panel to the right of the keyboard. Closing SI completes 
the 115-volt circuit to the main windings of the motor through the coil of the 
starting relay. The starting relay, designated Kl , is a differential relay 
which is energized and de-energized by different levels of current flow through 
its coil. 




Figure 6-119. Motor Circuit. 
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The initial surge of current through the motor energizes relay Kl. This 
coil is in series with the main winding of the motor, and, when energized, its 
contacts 2 and 4 complete a circuit to the starter winding of the motor which 
supplies the necessary added starting torque. Contacts 2 and 4 of Kl remain 
closed until the motor reaches its running speed of 1750 RPM. At this speed 
the current drawn by the motor, flowing through coil of Kl, is not sufficient 
to hold Kl contacts closed. The motor then operates by the circuit through its 
main windings only. 
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Table 6-6. Glossary of Flexowriter Circuit and Signal Designations 



A. MAGNETS 



De signation 

LKL 

LP 

LPC 

LR 

LT 
LTC 



Definition 

Keyboard lock (operates one set of normally 
open contacts) 

Punch code (eight coils in parallel) 

Punch clutch (two coils in parallel) 

Reader cycle initiate 

Translator code (seven coils in parallel) 

Translator clutch (two coils in parallel) 



B. RELAYS 

Kl 

K2 (RAR) 

K3, 4, 20 
(RNP-1, 2, 3) 

K5, 23 
(RPC-1, 2) 

K6, 7, 14 
(RRC-1. Z\ 3) 

K8, 9 (RT-1, 2) 

KIO, 11, 12, 13 
(RCC-1, 2, 3, 4) 

K21 (RDC) 

K22. 27 
(RCR-1. 2) 

K24 (RPE) 

K25 (RCD) 

K26 (RSC) 

K28 (RRS) 

K31 (RACR) 



Motor Start 
Anti- repeat 
Non-print 

Punch control 

Output select^ punch or translator 

Input select, reader or keyboard 
Computer control 

Delay control 

Reader control (1, Local; 2, Compute) 

Punch error 

Code delete 

Stop code 

Reader stop (during Compute only) 

Automatic carriage return 



C. CONTACTS 

LKL 
SBS 



Keylock 
Backspace 
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C. CONTACTS (Continued) 



Designation 



Definition 



SCRT 

SDC 

SF 

SPL 

SPT 

SR 

SRC 

SRT 

SS 

SSC 

STC 



Carriage return and tab 

Delay control (translator) 

Field (two sets of contacts) 

Punch latch 

Punch tape 

Reader code 

Reader common 

Reader tape 

Selector slide 

Selector slide common 

Translator (four sets of contacts) 



D. SWITCHES 



SI 
S2 
S3 
S4 
S5 
S6 
S7 
S8 
S9 
SIO 



ON-OFF Power (motor and power supply) 

LOCAL-COMPUTE 

START READ 

STOP READ 

NON- PRINT 

IGNORE STOP 

PUNCH ON 

TAPE FEED 

CODE DELETE 

STOP CODE 



E. MISCELLANEOUS 



PAC 



PL 



Auxiliary ac outlet, 10 watts maximum ca- 
pacity (for tape rewind unit) 

INPUT panel light 
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F. SIGNALS TO COMPUTER 



Designation Definition 

K Printer chosen as output device 

K..ri to Kq,„ Information input lines to computer 

1(f) o(f) 

O Output ready 

P Punch chosen as output device 

R Origin- sector channel read enable 

T ' Selector slide contacts not transferred 

^ (keyboard and tape reader at rest) 

T Selector slide contacts transferred (key- 

^ board or tape reader active) 

T' Printer and tape punch at rest 
P 

T Printer or tape punch in operation 
P 



G. SIGNALS FROM COMPUTER 

(Cc), (C/), (D,)-(D,) Eight information lines from computer flip- 

flops transferring amplified, coded output 
signals to either translator or punch 

(P ) Output drive signal for printer or tape punch, 

^^ composed of (0^)0^PC^C^C2 + (O^^^r^^ 4^3*^2 



(P ) Selects printer for output, composed of 

I^y-C'C'C' 

(R ) Tape reader drive signal, composed of 

I^I'I-C'C'C, 

(R ) Selects keyboard for input, composed of 

xCS - - 



I.I'I.'C.'C 'C'O 
4 2 1 4 3 2 r 
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RKCOLIP Til - ?(m:,T{ ON 
The following is a detailed description of the computer process from 
the moment the "Power - ON" switch is depressed until we are ready to initiate 
the "INTERNAL BOOTSTRAP" routine. 

There are many operations that are taking' place simultaneously. This 
renders it virtually impossible to describe the operation? with the utmost 
clarity in thoir actual sequence. As much as practicable we will follow the 
exact sequence. 

Sequence I - Power ON Relay Sequence 

Sequence II - Log^ic sequence for synchronization. 
A - Computer signal T, 

"ERROR Rl^SKT" button. 

As long as KG ia de-energlzed Td is available to the computer at pin ,.AlO 
of KG rplay. KG remains de-energized for the first 40 seconds after the "ON" 
button was depressed. 

During the first ^0 seconds (after the "ON" button was depressed) 
the Memory Motor is getting the disk up to speed. At the end of 30 seconds, rel!\v 
K4 energizes and activates the Memory Solenoid. This positions the disk near the 
headplate . 

The CLOCK and Sector Channel readouts are available; "Td" is still available 
for 10 seconi s before KG energizes and clnrnps it at a ground potential. {'<fi-.er\ 
KG is de-energized Td is "floating" and appears p.a a TRUt' input at the £-atP.) 



1. 



It is during these 10 seconds that the computer is properly synchronized. 
At the end of this 10 second period K4 is energized. 

1. The "Ready Neon" is t\imed ON. 

2. K6 is energized. 

5. The computer is in IDLEo 

4. The Main Memory Write switches are turned "ON" by K6. 

Our concern, at this time, is to understand the computer logic processes 
that occ\ir during the 10 second interval. 

The Initial Logic Operation of the oonputer is 

1-^4 =» Td 0''"5a - Td 0^4 =» Td 

1^2 - Td 0*^0 - Td 0^5 - Td 

l"''l - Td 0^'45 - Td o'^2 - Td 

O^c - Td 1^5 - Td 0^1 - Td 

The configuration of I I I. K* forces us into the SYNC MODE - phase 2 or 3- 
(Since "Do" is not immediately specified it can be either phase 2 or phase 5«) 
During the SYNC MODE we will: 

1. Obtain synchronization of otur "bit counter" (P^ *P.) with 

the output of the SECTOR CHANNEL. 

2. Set the Location Counter to zero (0). 

3. Zero the Neon Display on the Control Console, 

4. Terminate the SYNC MODE and proceed to the IDLE MODE. 
SYNC MODE - OPERATION -i^l 

The P-counter logic is such that initial synchronization will take place 
only after SECTOR - 77q has been read from the SECTOR CHANNEL. 

2. 



Sector 77q is the only word in the SECTOR CHANNEL, that contains all 
zeroes - 

(Notes J - Reference - RECCMP III - Technical Bulletin #1, page 6) 

Since the other "words" all contain pertinent information; 
Sj^ (the L.S.B. READ Plip-Flop - of the SECTOR CHANNEL will be continually 
forced TRTJE EACH WORD TIME.) 



This will: - l''^41 - S, I I„ 

1^^ 2 



q 4 1 



0^5 


a 


^41 


<?2 


m 


^41 


oh 


- 


^l 



And ■ T^, I, Do - Forcing phase 2 (if we were not already there) 



T., continually RESETS the P-counter 
0^6 . T^^ 
0^ - T^, 
0^ - T^, 

When "Sector 77q" is read, S, I'emains prime. The P-counter is allowed to 
count up until T.^ is reached. (T.q = Pg P^ P, Pi P|) 

T.^ can only be reached during the readout of sector 77q» 

The Sync mode is then terminated by 

0-'-2 - I T,^ 



OPERATION 2 - Zero the Location Counter 

During the LAST WORD TDE of the SYNC MODE the location counter 
(Bits 22 throu^ 34) are ALL RESET TO ZERO. 

5. 



G 

This is accomplished by: 4I » I I„ P^ 

q 2 6 

Left Hand G-register information is recirculated via: 

1^41 - Gi I PI 

i q D 

0^41 =■ G' I 
C Note I It is inoidentg_tj^3EQ~.lJ^g^g?Ji."^ ^^i" tirne) . 



/J 
Normal R«oirculation Logic 1 4I - G, K' T*, 

1 g 41 

0^41 - G' K' T" 
1 g 41 



♦Pg coiild not come true until the last word time. I 



,K 






The LOCATION COUNTEH is correctly RESET 



Note Brief explanation of mOS INDICATORS 

1. Neon is "ON" unless -12 volts is present at pin #1 



2. Prime side of D, 



yJ)^ and Cg 



-*C^ and R ;^ are wired to the NEONS. 



J 



OPERATION 5 - 



ZERO THE NEON DISPLAY on the CONTROL CONSOLE. 



The D-and C -registers control the Neon Indicator. 
Resetting the D-and C-reglsters will zero the display 



06 - I, N. K« 

4 5 a 

0^5 - D^ N^ 

0^4 - D' N. 

5 5 

0^ - D^ N5 
0^2 . I^ N5 
0^1 - D^ N^ 



.R. 



0"'4 » 0^5 - 0"2 - 0"1 « 0"43 - 1^5 - Td 
4 Ml 



.:iF& - S' I. T 







4 _n 41 



J}. q r ^fp ^fr 



6 - D' N^ 
i 5 

o'^2 - C^ N^ 



4. 



It appears that the NEON DISPLAY could be reset before this last word time. 

It is really impracticable to determine because N^. is continvially being 
double triggered byt 



N N 

5 - T^^ & 1^5 - Td 



Both oocuring during the 10 second period. 

It is accurate to state that during the last word time the D/- >D^ , 

Cg and Cc are positively reset because T., is inhibited for an entire word time. 



We have spoken of this last word time in Sync as though it were an absolute 
certainty. 

2-1 T.Q is correct logic, BUT 

UNTIL THE TEN (lO) SECOND PERIOD HAS EXPIRED W WILL REMAIN IN THE SYNC MODE, 



I 
Because 1 2 - Td which is present until K6 ia energized. 



K6 energized groiands Td. 



Transition is now to the IDLE-MODE. 



5. 



COMMAND r^ODE 

Transition from the IDLE MODE to the COli/IMAND MODE will always be into 
Phase 1. Under these circumstances our sequence will always be 
Phase 1? Check the G-register for "IMTN MEMORY" or "LOOP" 

address desi^ation. Terminate after one word-time. 

Transition is to Phase 2. 
Phase 2; Search for SECTOR AGREEMENT between the G-register and the 

Sector Channel outputs. When Sector Agreement is reached, 

terminate the Phase and go to Phase 5. 
Phase 5; Head one (l) word from Main Memory or the loop INTO THE 

B-REGTSTEH (this word REPl^ESENTS THE COMMAND PAIR) 

Terminate after one word -time. Transition is ALWAYS TO 

PHASR 1 of the OPERAND MODE. 



PHASE 1: 

Phase 1 is entered by 4=1. K.^ 

Dnrinp- Phase 1 wo will analyize the contents of the LOCATIGN COUNTER. 
Prom this analysis we will determine if th^ address of the COMMAND-PAIR is a 
MAIN MEMORY or n LOOP ADD'^ESS, (THE LOCATION COUNTER S PECIFIES INSTRUCTIONS 
ADDHESS ONLY ). 



1. 



The designation of loop or Main Memory is g:iven us by K . 

n 

K « Loop Address 

K' » Main Menorv 
a 



K^ is "SET" at T^ of Phase 1. 




1 a - I^ K^ Tj^ =. ASvSUME "LOOP ADDRESS" INITIALLY. 




1 



+P^ P^ P- K^ I, 0. 

We then monitor bit positions ?7 »54 for ZERO (o) bits. 

Zero bits in positions 27 ».54 = MAIN MBIMORY 



O^a - Z' T, N- K 
41 1 1 c 



Nj^« Timing Flip-Flop for Address Analysis 



T 27 



D' I, 
o 1 



T 7 



0^*1 - P^ P. P. K D' 

T35 T15 
n^ - TRTTB = Tg true T^ and T^^^ true T 



The contents of the C-register are copied by the Z-re^ster via Z t 

7 
1 41 - G, I K D' 

1 C C 



41 - G4 T K D' 
loco 



G^ will be true throughout the COMMAND MODE via: 



o = T D' + I N' T,, 
CO c 1 41 



?. 



The S - flip-flop detects which LCX3P is specified by monitoring' bit ?6. 



1 ' ^6 ^ ^1 !ii 



.C^N5l,T^3 



T «« P' P P P' 



^15 ^'' "^ 



55 



At the same time the G-register is being copied by the Z-register via Z ; 
the CHANNEL BITS are /roing to be shifted into the C -register. 

The only way information can be shifted into the C-register (except FLOATING 
POINT & INPITP-OUTPTTT operations) is that it joins the D-register to form a twelve 
(l?) bit shift register. 



>C^ is the LEAST SIGNIFICANT HALF.) 



N. 



Nc - Timing flip-flop 15=1 K^ T 



22 



^""^ ' ^\ "20 



T?2 - ^6 ^5 ^ ^2 ^1 



m B P P P» P» 
^20 ^5 M 5 1 



1 6 = G, I N^ 

1 c 5 



0^6 = G' I N. 
1 c 5 



1 3 - P4 N3 



2 » D' N. 
4 5 



IS = D. N^. 
6 5 



5 » T)| N^ 

O T 

^ 5 

0^2 =« D] N^ 
5 5 



1°4 = D^ N^ 



04 = B* N^ 
5 5 



ri -D^N^ 
0^1 « B^ N^ 



1 6 « D-, Np 
1 5 



0°6 - D^ N^ 



1 5 - Cg N^ 



0^5 » C> N, 



'6 "5 



1 4 = C^ N^ 



1°4 = C^ N^ 



JL 4 5 



15 - C^ N^ 



1 2 - C^ N 



1 1 » C^ N^ 



3 = C« N„ 
4 7 



2 = C' N 



1 = C. N^ 



(Bit 26, will read out of Cg at T,, — — — —. Monitored by S.) 



3. 



4A SUPPLESIENT 



The recirculation of the G-register isj 
1^41 - G, K. T. , 

0^1 - Gi K. T. , 

where g - T^q 

l\ - G; I. N5 Pi Pg T^ ^ G. I. Pg P, T^ 

^54 54 

K is reset at T.^ of IDLE and will not come true until T,c of Phase 1. 

e 40 35 

Only the left-hand Character Counter is affected. 



By the end of the word time we have 

1. Shifted G-register into the Z-regiater. 

2. Set "K " to indicate LOOP or MIN MEMCRY address. 

a 

K =. LOOP 
a 

K' =• MAIN METffiRY 
a 

5. Shifted CHANNEL NUMBEK into the C-register. 

4. Set "S" to indicate WHICH LOOP was selected. 

S - V - LOOP 
S' = L - LOOP 

5, Phase 1 is terminated after ONE WORD TIME 
WE NOW I - 0^42 = X j^ 

O^o.T^ 

and continxje R., - True? which was 1 43 » I' I, T, 
45 411 



TRANSITION IS IMMEDIATELY to Phase 2. 

Phase 2 is entered "by c ■ I' I, K„ 

4 1 _1I 

During Phase 2 we will compare the Sector portion of the Z-register 
(Bits 25 through 28) at Z^ with the SECTOR CHANNEL readout of S,. 

When all six (6) bits agree we will consider that SECTOR AGiffiBUENT has been 
accomplished and terminate the phase. 

S^ - SECTOR DISAGREEMENT FLIP-FLOP 
Z, and S, are compared by S 

1^0 - Z, S\ N, K' D« T' + Z' S, N, K* D' T' 
iiico41 lllco41 

o » T.. 
41 

Where N, « Timing Flip-Flop 

1^1 » g; k. T_^ 

^'''-vVili.'c^'aa;?,^;; 

'''28 "^25 (for loops) 

WHEN SECTOR AGKEEMEIfT is reached we will terminate phsise 2 and go to phase 3. 
S' will be true at T, 



40- 



1 o = S' K D' I» I, 
00041 



o c 41 



Phase 5 - ia entered by 1 o = D' K S* I' I, 

o o o 4 1 

During Phase 3 we will gate one word from Main Memory or the loop into the 



3-register. 



Ai - M^ D^ k; s; * L, n^_^_ s' - v^ v^^^ s | p^^ . p^ k^ 
oV»M. d^k;s;,-.l' d^qS- - v- d^^ s 



5. 



INDEXING INVESTIGATION: - 

When the COMMAND PAIR is beins- Plated out of memory and into the B-re/irlster 
we must detect INDEXING notation. 

This is done by sampling the Right-Hand Commands "SIGN" bit position. 

This bit is available to us, out of B,,, at T„^, 

41 22 



R42 - INDEX INDICATOR FIJP-PLOP 






1 


■p 

Recall Hip because of 42 = 


K (Phase 1 of T^^ 


) 


SET R.« IF "SIGN" OF RIGFP-HATTT) fnMMATxn tq rn?n*m-nnr 











Phase 3 is terminated by: 



0^0 = I D T., 
_c o 41 

l^c » I D K 
coo 



12 = 1 D K 
coo 



Transition is to OPE'^AND MODE - Phase 1. 



6. 



OPERAND MODE 

Transition from the COMMAND MODE - Phase 3 is ALWAYS into the 
OPFBAND MOflE - Phase 1. 

This is accomplished by: ^ ° " -^c "^o \l 

l^c - I D K 
coo 



1^2 ' 1 D K 
coo 

In the OPKRAND MODE the commands, as designated by their OPERATION CODES, 

are sepat-ated into three distinct types, they may be cataporized as: 

TYPE #1 - OPERATION CODE » * D^ D, 

TYPE #2 = OPmATION CODE = ^^ Di Dj- 

TYPE #3 - OPERATION CODE * * D^ 



* f\mere the confiruration of the Operation Code vill be placed in the \ 
1 D-register {D^ **— > D ) during the first word-time of the OPERAND MO JE./ 

In addition to the normal computer functions that are carried out during 
the OPERAND MODE, the "TYPE" of command will designate HOV; LONG Tffi OPERAND 
MODE WILL BE MAINTAINF;Dj THE EXTPNT OF OPERATIONS DURING THE MODE; and IF 
WE WILL PERMIT INDEXIKG. 

For ALL COWAND TYP^S; Phase 1, which is maintained for ONE WORD TIME, 
WILL BE THE SAME. 



1. 



Phase 1. 

During Phase 1 we will 

1. Gate C(B) into the Z-register. (B-register contains the 
Conmand-Pair) 

2. If "INDEXING" was detected the INDEX-register will be 
SUBTRACTED from the corresponding B-register bit positions 
as the C(B) is being gated into the Z-register. 

3. Gate the UNINDEXED CHANNEL Address and the OPERATION COOE 
into the "C"- and "D" registers respectively. 

h. Detect Main Memory or Loop address of the "OPERAND" 
5. UNINIEXED Sector Number shifts into the appropriate character 
counter. 
Copy C(P) into Z-register - INDEX or NO-INDEX. 

l^hl - B^ I^ K^ G^ Ry - Copy Logic, No Index 

+ B, GL R, - I + B G' R,' , I 
1 T. it3 ^ 1 1 U3 _x 

- C(B) minus C( Index) 

+ B4 G. R,' I * B' G'R, , I 
X 1 U3 X 1 1 u3 X 



111 » B' I K G'R'- Copy Logic, No Index 
1 n c U2 



+B. G, R,' I + B, G ' R, , I 
1 1 U3 X 1 1 U3 X 



+B' G^ R, - I + B' G' R,' , I^ 
1 1 u3 X 1 1 iU3 X 



(V/here I^ » I^ L^ % ^1^2^ 



R, 2 = TR^ ' INDEX 



1^5 = T^ I D' + G' T„„ ID' R, „ =• PRIME ' NO-INEEX 
1 n o i 22 _£ o U2 



2. 



n 

G' * True because of ^o « I D' = Gonmand Halt Phase 1 

O CO 



we can now "set" GO IF - 1 o =• G, T.. I K 

1 22 n c 

A "one" bit at T.., from G , tells us that our | word-bit of the LOCATION 
COUNTER indicates a RIGHT HAND COMMAND. 



G 



o is PRIMED VfliEN THE INDEX REGISTER is reading out of G^ 



R, „ =« True - INDEX UNTIL T,, - then 
U2 lU 

and recirculate via the copy logic for Z 
R, ^ = Carry Flip-Flop (for INEEXING) 



111 



A3-Iili V.*B, G, l^ 



\3 . B. G. I^ 



Transfer Op Code & Channel info into the D & C FF.s 



1°6 = B^ G» I N^ K 
1 n 5 c 



0^6 = B' G' I N^ K 
1 _n 5 c 

Right Hand Op & Chan. Code 

(initial read-in; left or 
right may still be executed 
first) 



The condition of G, at T ^ is 
important to determine WHICH 
HAI.F OF THP^ COMMAND PAIR WILL 
BF i/DRKFD ON. 



I N^ comes true again : - 
f ? 

it means the |- word bit = 
WORK ON LEFT HAND COMMAND. 



T p G' = = Left Hand Command 



T„5 G, = 1 = Right Hand Command 



3. 



1°6 



,D, 



Z, I K« D' N^ 
1 n c 5 



6 = Z' I K« D' N^ 
1 n c o 5 

♦ Copy indexed channel into D, indexed sector into G (char, ctr.) phase ? of I 

Explanation: 

1. C (B) is f^ated into Z-register. 

2. C (l) is subtracted from C (b) 

3. G' RI2 " Normal Copy Logic 



4. 


G, T„_ I K = Location Counter says DO Ri^ht Hand Com. 
J. c.£. n c 

1^0 = G, T22 I, K^ 








5. 


Stop copy of C (b) by the Z -register and Recirculate = 






1 41 = Z^ G 
1 


< 


0^41 = Z' G 
1 





1^6 = B, G' I N^ A 
1 o n 5 G 



D ( 

06 = B' G' I N^ K ' 
1 o n 5 G 



= Do not reload 



But if the locatio n co unter sa ys LEl&T HAN D COMMAND 



1 S = G' T I D' 



and G will remain Primed, 
o 



Load the D & F.F. again with the Left-Half information from the B-register = 

1^6 = B, G' I N^ K etc. 
1 o n 5 c 

and continue Z ., copying B- 



4. 



This will not affect the Indexing of the Right Hand Channel and Sector numbers 
because of R.^ 

0^2 = I' K T- , which turns I OFP 
50 c 14 _x 

After indexing the Z., copy B, is again true. 
It is only possible to load the LEPr }{AND CHAiiACTEii Counter during this phase. 
The Character counter is filled when the SECTOii NUIffiEii READS OUT OF C 

1^41 = C' I K D' + Gt K' T' 
1 _n g o 1 g 41 

0^41 = C, I K D' + G' K' T' 
l_nigo lg41 

Where K must be true 



Ijrhis logic can never^ come true durin g Phase 1 



° ^ =• ^20 



Detection of a MAIN MEMORY or LOOP ADDivESS is accomplishpd in the same manner as 

in the COMAND MODE = Phase 1. 

K = LOOP K« = MAIN MEMOHr 

a a 

_ __ S =_y-Loop5 S' = L-loop 

If 

1 a = I, K T. K , T \T Ti- 

1 c 1 a = 2.' I, N- k 

41 1 1 c 

Where: 1^1 = Pi P' P' P„ P^ K D' I, + G' P. P' P' P^ P, K TJ' 
6552IG0I o6S^?lco 

0^ =K^d;P^P^P^ =T^_ orT,^ 

^' = ^6 ^ hh^ '^- '% S h !ji 

AT THE CCWCLUSION OF THE V/ORD-TB*', ALL TYPE rM COM,IAIfI) V/TLL TEj(I.IINATE ?fE OPE 'AND WOW.. 
Transition is ALWAYS to the Directjon Mod? Phase ?. 



5. 



Termination of the OPERAND MOEE is via Q-'l « I^ Di B, T^, 

ALL COMMANDS WITH Di IX Operation - Codes are Type #1. They are: 



OPERATION 
CODE 


MNEMONIC 

conE 

TIX" 


D-REC 
CONFl 

-->D^ 


rISTER 

guration 


"i 


"^ 




10 


»5 


■l 


4 


11 


TNZ]—- " - - 


--> D^ 


°S 


^ 


°3 


"2 


°1 


12 


SAP" 


->% 


»5 


^ 


=3 


"2 


°i 


12.it 


SAN^ - 


>D^ 


"s 


\ 


°3 


"2 


1 ''s -^^ 


13 


csa" 


>°6 


»5 


\ 


°3 


"2 


°1 


15 


TLB"- 


"°^ 


°^ 


% 


°3 


°J 


"1 


16 


caz}- 


-°^ 


"i 


\ 


"3 


02 


h 


16. U 


CMZ^- 


^°6 


"^ 


% 


"3 


°2 


°L '=6 =5 


17 

17.U 

50 


CMP} 

rnd}- 

tze} 


>D. 
-> D^ 




^ 


»3 
°3 
"3 


"2 
"2 
°2 




51 


tra] 


--^^6 


"i 


\ 


"3 


°2 


■^ 


52 


Tn^'l 




°e 


\ 


°3 


°2 






"^°6 


^ 


53 


TMl} - 


-"°6 


"^ 


\ 


°3 


"2 


°1 


5U 




^°6 


°; 


\ 


»3 


°2 




NUr_j 


^1 


55 


TPL^ 


^°6 


"^ 


\ 


°3 


"2 


°1 


56 


xar] 


>h 


"h 


\ 


°3 


"2 


°i 


57 


car] 


^°6 


"s; 


% 


"3 


"2 


h .. 



Transition to the ^imECTION MOEE 



Phase 2 is via 0''^1 « l^ Di ft T. ^ O^^c - I^ I, K. ^ 

6<» — 



Phase 2 FIRST ViORD-TIME 

During the FIRST VCRD-TIME of Phase 2 the CHANNEL register (C, >C ), 

the OPERATION CODE- register (D,-->Dl), and the CHARACTER Counter are reloaded. 

It is during this word time that the INDEXED Channel number is gated into 
the C-register, and the INDEXED Sector number is gated into the appropriate 



CHARACTIR 



Counter, and the Operation Code Register is reloaded (D, >JL) 



16 = Z, I K' D' N^ 

1 n c o 5 

0% « Z' I K' D' N^. 

1 n c o 5 



Note: - The actual command that will be 

executed (LEFT OR RIGHT) was 
determined during Phase 1; and G 

Flip-Flop was set accordingly. 
This G logic will be felt by N^, 
causing proper gating into T), 

A = Tt I D' + G' T^^ I D' 
Ino 122no 



o^ 



T I* + T 
^20 \ kl 



IT IS OF NO CONSEQL'ENCE that the COMPLPMENT OF "B-register" was copied into 
the CHARACTrR COUNTER during Phase 1. (This will happen for LEFT HMD COMMANDS), 
The CHARACTER COUNTER IS LOADED VIA.'- 



l^Ul 



0%1 



C' I K D' 
1 n g 



C, I K D' 
1 n g o 



7. 



AT THE CONCLUSION OF THE FIRST WORD nME OF PHASE 2, ALL TYPE #2 COMMANDS 

WILL TERMINATE THE OPERAND MODE. 

Transition is always to the DIRECTION MO|F - Phase 2, by 

0^1 - I K Di ;V\A^*^ 

no? " 



- .,j^" 



In order to enter Phase 2 we must retain K' D' 

c o 

1. K« - There is no possible logic, at this time, that would turn K "ON". 

c c 

2. d: - Possibility exists for l°o - S« K I' L „. 

" o U i D' 

— o 



But for Dl \ (Type #2) commands we will 

' 1 a I II'. ii» \. 

1 c 



1 o » I Di D|' T, K! which assures us 



So at T^ (0^ - T^ _ Qjj^y) 



ALL COMMANDS WITH Dl Dj" OPERATION COEES are TIPE #2. They are: 



8. 



For TYPE #2 and Type #3 CCIMANDS transition is to Phase 2 of the OPERAND MODE. 
0'° - li ^1 hi 6. 



OPERATION 
COEE 

00 

01 

02 

02.2 

02.U 

03 

05 
Uo 
Ui 

U2 
U2.2 
U2.U 
U3 

U5 



MNEMONIC 
CODE 



ICH}- 

och}-~- 

AI5} - 
ASVj- 
ASG>- 
ARS} 

str] — 



ctlJ- 



CTV]- 



LLS]- 



LSV]-- 
LSC}- 



LBS} 

cfl] 

STO]— ~ 



°^ 



-°6 






^D^ 



->°^ 



->^6 



->T). 



^D, 



->D, 



->D. 



->D, 



>D, 



->D. 



d-register 
configuration 



°3 



»^ 


^ 


"^ 


^ 


°5 


°i 


°^ 


^ 


»5 


^ 


°5 


"^ 


"5 


"i 



°^ 



^ 






^ 









°3 



°3 



D, 



D, 



D. 



°2 



"2 






"2 






D. Dj 



"3 "2 



°2 



°1 



Dj D- 



°i 



"1 



D. 



1 



°i 






D* D 



^^ 



Ci 






Transition to the DIRECTION MOCE - Phase 2 is via 



o\ 



I K D' 
n o 5 



For AIL type #3 coimnands Phase 2 will be maintained until SECTOR AGREEMENT 
between Z. and S is reached. 



9. 



Phase 2 AFTm THr FIRST WORD-TIME 

During Phase 2, after the FIRST v;ORI>-TIMF,, we SEARCH FOR SECTOR AGRErlC^NT. 

S =» SECTOR DISAGREEMENT FLIP-FLOP 
o 

A - K. d; z^ s. n^ t^ * r d; Z. S. N^ T^ 

And when SECTOR AGRFEMEMT is indicated 

l°o - S' K I' I. D' 
g 1 o 

And transit from Phase 2 into Phase 3. 

Phase 3 - MAINTAINED FOR ONE WCRD-TIME 

During Phase 3 we will gate one word from Memory into the B-register 

1^^^ - "r ^0 K%'h ho S' * ^1 Oio S 



10 o a 



0\l » M; D^ K. S; . L^' D3_, S. -v/d^^S 



ALL TYPE #3 COMtWDS WILL TERMINATE THE OPERAND MODE at the conclusion of 
ONE WCRD-TIME OF Phase 3 via 

Transition is to the DIRECTION MOJE - Phase 2 



10. 



TYPE #3 CQMMAND8 ARE: 



OPERATIOT 
COIE 

25.1 

31.1 
35 

35.1 
36 

37 

63 

65 

66 
70 

71 

72 

73 

76 

77 



MNEMONIC 
OOEE 



D-REGISTER 
CONFIGURATION 



STl}- 



LDl]- 

cmg]- 



CME]-- - 
CLS] 

cla] 

mpy] 



sta] 

Div] 

ext]- 

htr]- 

subJ 

add} - 

RCSj- 



rca> 



->D 



% 



■>Di D^ 



->D^ 



.^DJ 



•^^ 



-^D^ 






i 



I 



V), 



>D. i D, 



-Dz ! Dr 



-Dr ' D. 



>D, 



>D, 



^D, 



D. 



D. 



Dh 



\ 



°3 



D, 



"3 



D, 



"3 
°3 
°3 

°3 



D^ 






D3 D^ 
D-, D„ 



D„ 



°2 



D. D, 



°2 



°J 



D. 



D. 



D. D, 



D, D„ 



°1 



°i 



°I 



°i 



^ 



°1 



D, 



^COMMAND INDICATOR 
+COMMAND INDICATOR 

+GOMMAND INDICATOR 
■tOOMMAND INDICATOR 



ALL COMMANDS WITH - EU - are TYPE #3 COMMANDS. 



11. 



Direction Mode 

During direction mode several various functions may occur. These functions 
for the most part are controlled by the command beiag operated upon. 

The only description covered here will be for incremantinp the Location 
Counter which will occur each command operation. 

The location counter will be incremented durins?; phase one or phase two of 
Direction Mode. This will be accomplished by adding a binary one to the "G" 
register at T^p time using a 1 - input Adder. 



l\ - ^3 h hi ^ a ^^3 ^ \ ^V 



o\ = G'K I'D ' 
^ 1 g 1 o 



^^21 = ^Ul P^^i^^Pp 



iV = G'K I'D' oV =. Q K I'D' 

Iglo Iglo 

1 g Ul G'K'T,', 

1 g Ul 

The logic for K states that during :jirection NR^I F' are true; 
g 3 2 a 

"Set" K at T-T time, 
g 21 

This will inhibit the normal recirculation of the "G" register and add a 

one at T^^ time. K will then act as a carry flip-flop until it is "reset" to 

zero by readine a zero at G, . 

After K is "zero set" the normal recirc'ilation locic is again used. 



ALL other operations, occuring diiring the OIR"CTIOt] MOJE, will be covered 
as each coinnand's execution is explained. 



CLEAR ADD j^7 CLA 

CLEAR SUBTRACT j^56 CLS 

CLEAR ADD 07 ^RCA 

CLEAR SUBTRACT jtqS ^RCS 

Both the CLA (#3?) and the RCA (#77) commands cause the C(W) to replace the 
C(a), including the "sien." 

In CLA, however, the C(a) is lostj where as in the RCA, the C(A) replaces the 
C(R). 

Both the CLS (#56) and the RCS (#76) commands cause the C(W) to replace the C(a), 
with a "SIGN" reversal. 

In CLS, however, the C(a) is lost? whereas in the RCS, the C(a) replaces the C(R). 
CLA - #37 - D^ D^ D^ Dj D^ ^T" 
CLS - #36 - D^ D^ D^ D^ D^ D| 

RCA - #77 - Dg D^ D^ D D^ D^ ^^^ ^^ TYPE #3 COMMANDS. 

RCS - #76 - Dg D^ D^ Dj Dg D» 

Review OPERAND MODE - INDEXING Permitted. 
Phase 1. 

(1) Gate C(b) into the Z-register (INDEXING Permitted) 

(2) Gate UNDTDEXED Op-Code and Chan-Code into the D and C-registers. 

(3) Analyze for Loop or Main Memory address 
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Phase 2. 

(1) Gate DfDEXED and Chan-Code into the C-registers, reload D-register. 

(2) Load CHARACTER counter with COMPLEdffiNTED SECTOR NUMBER. 

(3) Search for SECTOR AGREIMWT. 
Phase 2- Gate C(w) into the B-register 

Transition is to the DIRECTION MODE - Phase 2 via; 



° ° - ^1 °o T4I 



1 - N 



11 



N,, » I- I^ D T,T 
11 2 1 o 41 



Phase 2 is LEFT AFTER ONE (l) BIT -TIMS 



1^0 - n: 



NR^ D^ T^ p; 



and we enter Phase 1, at T, 



During Phase 1 - the A-register is shifted RIGHT 



1 41 - B, M D' 
1 00 2 



41 - B. M^^ D^ 



And for the RCA and RCS commands the A-register 
is gated into R., 



^''^l - A, 13^ I, D^ D^ D3 
0«41 . A. 13^ I, Dg D^ D3 



NR^.I. I. 



A - I, D- D, D, T' 
00 5a 5 4 3 41 



Wherej 



1 3a o N^^ D^ 



° 5^ - h. f^l 



1^1 - A, D^ 0^ 
0^ - A. Dg I^ 



NOTEj _ Dg is primed for CLA AND CLS, thus restricting these equations to 
RCA AND RCS, 
and a ZERO SYNC BIT is assured the R, position byt 

0% - I, D^ D. T,^ 
7a 5 6 40 
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The correct "SI®" bit is assured the A-register by B.^ and C^. 

1^40 - B., M„^ D. » D. true « CLA or RCA - No SIGN REVERSAL 
4-I- 00 i 1 

+ B^^ M^^ D| » D| true = CLS or RCS - SIGN REVERSAL 



0^40 -BUM D, - No SIGN REVERSAL 
41 oo 1 

+ B., M D« - SIGN REVERSAL 
41 90 1 

B^Q copies the "SIOI" from B ^^ at T^^. (At T^ the correct "SIGti" is copied by C ) 



1^2 - V^ D^ T^ - Preset and ASSWffi POSITIVE SIGN 



0^2 - B' M^^ Dc T_ - Reset if SIW IS NEGATTVS 
40 00 ?. 

C„ then deposits the correct "SIGN" in A,, at T., 
^ 41 41 

iV . K^ C, 13^ 
At the conclusion of the word time all assignments have been handled. 



Termination occurs with 



Transition is to the CCMIAND or OPERAND WW. 
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STORE #45 - 
SPORE - R #05 - 
STORE ADDRESS #65 - 
STORE INDEX #25.1 - 



OPERATION CODES 



STO: Dg D' D- D^ D' D^ 

STRi D^ D^ D- D^ D^ D^ 

STAj D. Dp D' D^ D' D, 
6 5 4 3 2 1 

STIx DJ D^ D» D^ D' D^ 
6 5 4 5 2 1 



The similarities of the four "store" commands facilitate their presentation as a 

group. 

Let us first discuss what we will expect from each command 



(1) STO - #45s 



This command will cause the contents of the A- register 
replace the contents of that memory location specified 
by the Channel and Sector portion of the command. 



■^ 



A-REGISTER 



r 



7~H__!: 



B-fiEGISTER 



Ma^ORY LOCATION 



(2) STR - #05: 



•^ 



.REGISTER 



The C(A) remains the same 
The C(r) remains the same 
Indexing IS Permitted 

The contents of the "R" register replace the contents 
of that memory location specified by the Channel and 
Sector portion of the command. 
- ^ B-RE( 



T 



-REGISTER 



.-> ! imSOm LOCATION ^ 



The C(a) remains the same 
The C(r) remains the same 
Indexing IS Permitted 
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(3) OTA - #65t 



The Address (Channel and Sector) portion 
of the Memory Location bit positions 2 
through 14 or 22 thixm^ 54, is replaced 
by the corresponding bit position con- 
figuration in the "A" register. The "B" 
register is used to accomplish this par- 
tial substitution. 



- ^ A-REGI3TER 



^aiOIg LOCiTlONl jr N B-REQISPER 



-> PAHPiAL smasTUxnuas 

-5> LOGIC 



/ v_ 



(4) api - #25. i» 



The C(a) remains the same 
The C(r) remains the same 
INDEXING IS PERMITTED 

The contents of the INDEX REGISTER replaces 
the address portion (Channel and Sector) of 
the Memory Location specified by the command. 
[ — »| G-REGI3TEr1- 






- ^ MEMORY LOCiTIONf » — > f B-REGISTSR t 



PARTIAL SUBariTUTION 
LOGIC 



-/V 



The C(a) remains the same 
The C(r) remains the same 
The C(g) remains the same 

INDEXING IS PERMITTED 
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It can be seen from the Command pictorials that the similiarity between the 
commands exists in the following areas: 

(a) All reqtiire "writing" into either the Loops or Main Memory. 

(b) All "writing" will be accomplished from the "B" register. 

(c) All necessary data must be placed in the "B" reg-ister prior 
to writing. 

We may now theorize as to met tod of command presentation 

(a) gPO - j^3{ - Gate A-regi8ter|into B-re gister and PREPARE TO */I{ITrJ j 



(b) 3TR - #05» - Gate R-register finto B-repl ster and PREPARE TO \¥HITe1 



(c) STA - #65» - Gate Memory Location into B-ref:ister, Rrjplace the 

correct address portion of the B-reg:i8ter (using 

partial -subBtitution - loeric) with those bit 
positions of the A- register, and return this modified 
configuration ftn^the B-register. PREPAHiO TO V/RITa j 



(d) 3TI - #25.1:- Gate Memory Location into R-rfgister. Replace the 

RIGHT HAND address portion of the B-register (using 
partial-substitution-logic) with those bit positions 
(INDEX register) of the G-register and return this 



modified configuration to the B-register, PREPARE TO J 

VffilTE 



3 of 11 



STO - #45 Is a type #2 commanrl. This means that it will terminate the OPEHANIi 
MODE (I ) after passing through Mode 1^ ajid completed ONE WORD-TIKE in Mode 2 
of I . Transition will be into the DIRECTION MODE, ^ 2, where it will renain fi,, 
one word -time, 

(l) During 1 of OPERAND (l ) the address is sensed as Main Memory or Loop by 

monitoring d^^ ^^^A '^^ ^Al* ^^ '""^^ ^® recalled that the C^) had been 

placed in the B-iregister during the Command Mode 3» and is now bein^ copied 
into the Z-register. 

K„ «» Loop or Main Memory sensing Plip-Plop 
S ■ L-Loop or V-Loop sensing Plip-flop 

T T 

l^a = It K T, + I, K G' P' P' P, l"l = P> P^ P' P, K D' + P. P! Pi P^ P, K D' G' 
lei 10005^, 6 "^1 5 1 c f.> 'J ^ 2 1 o o 

o\ - Z» I, N, K /l = P^ P, P^ K D' (T,, or T„ v 

41 lie 54?co^ls 35) 

of the address MIIST B3 "ONES" for qualification. 

K = LooD Address K' = MIN MEf^roRY 

a * a 

Whether a Loop Address is indicated or not, S-Plip Flop will be set to indicate 
which loop is to be selected. 

l' - ^6 "5 hlv, °' = ^^6 ^ \ lli ^ ^^5 - T, I^ D; . G. T^^ I^ T^^ 

.^"^ = ^20 ^4 * ^1 



Cg will contain the determining bit attitude at T,, time. 
Bit position six (6) the third (^rd) most significant 
bit of the Sector Address will have been shifted into 
D/- and down throng the D-register; appearing in C^ at 



!ii- 



S » V-Loop S* = L-Loop 
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* - Transfer of the Operation Code and the Channel Address into the "D" and 

"C" registers, respectively, is accomplished during 1. 
(2) The forgoing procedure, as outlined in "(l)" will be the same for STO ^45; 

STR #05; STA #65 and STI #25.1. 
Transition for the four (4) coimnands in this group will be into Mode ^ 2 by: - 

It is now evident that we will remain in Mode 1 for ONE WORD-TIME maximum. 

(5) Entering Mode 2 we have the following configuration in the Mode Klip-Flopss 

I' lo I, K' D' 
4 2 1 c 

The oonunands will be split into two groups, because of their Operation Codes, 
at the end of the first (1st) word time in j6 2. 
During ^ 2 we willt - 

(a) The Indexed Channel number is gated through the D-register and into 
the C-register, 

(b) The Indexed Character Count (the 1- complement sector coiunt) is gated 
through the "D" and "C" registers; and into the Ch'aracter Count portion 
of the G-regiater, , 

(c) The Operation Code is RE-aJTERED into the D-register. 

1^6 - Z^ 1^^ K- D- N5 oh » Z' I^ k; D- N (a) Indexed Character 

— Covint 

jj (b) Op, Code 

1 5 « T, I D' + G' T-- I D« / N . 

1 JJ o 1 _22 _n o (c) Sector No. 

M Gated Into D^ 



G G 

^ ^^ " ^i ■'■n ^g ^0 41 = C^ 1^ K D^ The "COMPLEMENTED" 

^ Sector-Count is 

j^ gated into the 

^ ^ " % -^A ^6 ^1 'hi * ^0 -^4 ^6 ^1 '^14 'CHARACTER-COUNTER". 



O^g - T^Q 
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Again note the Operation Code for the Commanda 



STO - #45 - 


h 


'5 


n 


'7, 


^'2 


\ 




STR - #05 - 


^t 


^^, 


°i 


">; 


^'2 






STA - #65 - 


h 


h 


J' 


^5 


0. n^ 

i 




STI- #25.1 - 


H 


»c 






"2 


'1 





D' D' «» TYPE # 2 Command 
5 4 



D- = TYPE #3 Command 



STO #45 and STR #05 - Type #2 commands will terminate the Operand Mode (I ) after 

one word-time of 2. Transition will be to the Direction Mode ^ 2 for the pating 

of the necessary data into the "B" re^ater, 

1 - I D' K » Transition to Direction Mode ^ 2 
n ? 



K . K T., 
o c 41 



The Mode phase {^) 2 of the Direction Mode is held for one word-time only — ^ under 



all circumstances. 



,B 



r41 = A^ Dg D. I. R^^ 
0^1 « A' Dg !)• I. R^, 



(B-registsr copies A-refrister for STO #4?) 



1^42 » D^ D^ U^ T^ R^3 ihi = IJ I, T, 



42 = K * 



0^45 



K,. « K T., (* K is PRIMED at this time) 
_J1 c 41 c 



1*41 



0*41 



*1 ^1 ^5 



(A-Re^lster) 
A' D' I» PA' (Recirculation) 



I., = I' I' I' D' ** 
_5 4 1 3a 



** 



** I, & PA: are both PRIMED durinfi- the (^ntire expcution of all four (4) coniraands 
3a 

Al » R, II (R-Re^ster) 

0^41 = R' I' (Recirculation) 
1 3a 

1^41 « R^ NR^ D; (B-repister copies R-re(?ister for STR #05) 



0'^41 « R{ NR^ D» 
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NR, = R42 ^^ H ™' 



(i<^l will be primed for entire corniaand ) 



Transition from 2 for these Type #? commands ie to the Execute Mode - 
Phase ? (U^ P^) bys 



2" NR, K D' 



MR, - I^ li 



STA #65 and STI #2^.1 are type #5 commands and V/ILL NOT TKRMEaTE thf» Operand 
Mode after one word -time of Phaae ?. 



Type #5 commands require «n OPERAND from Memory, and provision for "Searohinf^' 

is nrovided when / ? is maintained in excess of one word-time. When "Searching" 
is completed (an indefinite ni«nber of word times are renulreii) during y^ ?, 
transition will be made to }* 
During Phase #3 the Operand will be fluted out of Memon' and into the B-ref^.ster. 



(a) 0^0 - T 



41 



S* a Sectors Apree 




1 o - Z, S' K' D« N, T' + '/A 3, K' D' N, T' S = Oi sa^rreement 

1 1 o o 1 41 1 1 c o 1 41 o 

S = Sector Disa^eement Plip-Flop. 

(b) As soon as we achieve S' at T.^ Phaae #? is terminated and we enter 
' o 41 

Phase #5. 

1^0 = D' K I' I, D* 
o 4 1 



Phase #5 is maintained for one word time; during which the contents of Memory is 
^ted into the B-re^ster. 



1^1 - M^ D^ K; 3. .. L, D^ S. . Vj D^ S 

0^1^. m; p^ k; S' . 4 D^ 3' . V. D^^^ S 

TRANSITION is now Into the PIRECTION MODE - Phase #2 
for ono word time. 



M = Memory Read P.F. 



_10 a 

K «* Loop Address 
a ^ 

K' =■ Main Memory Address 
s> 

3 =* V-Loop Selection 

S« 3 L-Loop Selection 



■^ 



7 of 11 



° ° - ^1 ^o ^41 



0^1 - N^^ . I, I, D^ T^^ 



Additional Note: - During I the "command 
indicator" is sampled by R , 

1^5 - I. I^ T^ 

0«45 - Z. G; T22 I„ D, - Z. G^ T^ I^ D^ 



Upon entering the "DIRECTION MODE" I» 1^ I[ D^ K^ the gate Ul is true. 

U, - 11 lo I^ Dl - We then turn on 
-i 4210 

R.p (which will be used as the "Gating" flip-flop) during the appropriate 



half (^) word. 

1^42 - ^"'■' D^ -D^ U^ T^ R 



45 



(2) 



D D' U T D' R* 
"5 2 "1 ^21 ^4 45 



° 42 - D5 IJ^ T^ 4 



14 14 54 



(1) Turn "ON" R.p for RIGHT PIAND portion of the word 17 the Command Indicator 
was true (R*t) ^\ <, 

(2) Txim (on) R.p for LEFT HAIJD portion of the word tb' the COMMAND INDICM'OR 

was false (RU) • , \ 

(5) Reset R.p for normal recirculation after "partial substitution is accomplished 

in STA & STI Commands (where Dj. is true) 



T' 



During the time that R.- is true: - 

(1) Normal recirculation of the "B" register stops, and 

(2) The correct bit positions from the A- register or the G- register complement 
are copied by the B-register 

"A" is inserted into "B" for the #63-STA (Store Address) Command. 
The Complement of G 

"G" is inserted into "B" for the #25.1-STI (Store Index) Command. 
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1^1 - A^ R42 Dg D« I' > [D^ D* . True for ^5-31! A 



+ Gi NR^ D^ 



0^41 - A' R42 ^6 ^2 4 



+ G;^ m^ D^ 



^ n ^\ K %2 



m. 



1 " ^42 ^6 ^i ™' ^°^ #25a-sri 



Normal Recirculation 



While this partial substitution is taking place the "A" and "R" registers will 
be i^circulated. 



1^41 - Ri I'^ 



1^41 



A^_I^D, 



0^41 - R{ IJ^ 0^41 - A| D^ I^ FA' 

The forgoing is accomplished diiring one word time in the Direction Mode. 
Termination of the Direction Mode and transition to the Execute Mode b by; 



2 = NR, K D' 
-J.-2. 4 



NR^ 



I' I' 

4 1 



THE B)(BCI7rE MODE 
The configuration of the EXECUTE MODS is: 



I'. II 11 K« D» 
4 «^ 1 c o 



! Execute ? = U. D' 



1 









;^i 

I 


"^1 


■^2 -^1 




Note: 














It 


must be understood that when 


the Execute 


Mode 


- Phase 2 is entered, 


the 


"B" contains the 


! "configuration" that is to 


be at 


ored in Memory, 




Since Sector Search 


for VifRITING is required CMhY 


THE 


PlRffP FITO (■)) BITS of 


the 


Sector 


Address must 


agree while the 


last bit (or 


most 


significant bit) MUar 


DISAGREE. 
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Nj^ « Comparison Gating Plip-Flop 
1^1 - G^ T^ K^ . G; T22 K. 



0^1 . P5 p. p. K. * W^ P2 P^ 



P5 P^ Pi - T3 time 
Pj Pj - T„ time 



N, is found to be TRDE from T, k.T„ or T Z^jH ^1 

1 3-^7 23-^''27 K - ^i II DJ »5 D. B. 



S^ - Comparison F.P. 

1^0 - K^ D. N, T.^ Z^ s. ^ K' D. N, T', Z' S^ 



* 2i Si W^ Tg .. Z. S- Wg Tg + Zi S^ W^ T^3 + Z- S' V^ T 

0^0 - T., 
4-L 



28 



We should remain conscious of the fact that the COMPARISON FOR SECTOR AtaiEajJNT 
is between the INDEXED Z -REGISTER and the SECTOR CHANNEL output. 

IMPORT ATfT NryPEt 

The configuration in the "T1" re^ster d oes not recirculate for STO & STR 
Commands. The "B" regriater will recirculate for STA, STI, & SLC Commands. 

^_}l '^4^ ll.!ijLli^'_^g_!i hk ^^ ^43 

(2) There is no recirculation log^c, for the "B" register for STO & STR 

Commands because we cannot reset R 



'a2* 



(5) The B.-j^ copy A^ or R. remains triie. 

1^1 - A^ !• R^2 Dg D. . R^ I^ T). 



(4) For STA, £fri, ^. SLC we can "Reset" or "Set" R when the Operand Mode 

\^ 
Phase 3 is entered via 0' 43 « Z' R' T„„ ID+Z»GTID 
—^ 1 o 22 no 1 o 2 n o 



(5) 



R^^ is Reset: - 0"42 = D^ I^^ T^^ T^ and will not come on again. 

(NOTE; - P .; - tnie f or S TTA, STir"SLC only) 

(o; B recirculates manually via » 1 4I = B, I' D' R' 



140 42 

0^41 « B' II D' R' 
1 4 o 42 
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Sector Agreea»nt is explicit with S^ T ., and we terminate Mod« ^ 2 and enter 
Mode ^ 5 - U. D^ 



A - S« U^ D. D' d; T^^ 



During Mode ^ 5, which will be maintained for one (l) word time, we will WRITE 
the contents of the B-regiater into the specified loop or MAIN MMORY ADIEESS. 

M^^ and Jg^^ => MAIN MEMORy WRITE FLIP-FLOPS 

L .^ - L-Loop WRITE PLIP-PLOP 

7.^ - V-Loop WRITE PLIP-PLOP 

MlIN MBIORT WRPPE PLIP-PLOP CONPIGURATICNSs - ' 

*^1 *^w2 " *^^^ > °N^ (1) 
}l^^ 1^^2 - WROTE A ZERO (O) 

*Vl ^2 " ^° ^MTING. 



l*^rl - Bj^ Mg IgM T^ 



O^wl » Bj[ M^ IgM 

+ Mg K^ Dj Tj (sync) 

1^2 - BJ^ Mg imi + Tj^ (eyno) 
0*^2 - B^ Mg MM T^ 



^■44 ^o ^i ^^ 

MPM - K' D, D, 
a 5 1 



Note that I^ is Incliided in all the 
writing mintezns. It» itself, includes 



K' in its basic mintexa configuration. 



Writing in the LOOPS occurs vhen K - True, 



and S' • L-Loop{ S ■ V-Loop. 

Al • Bj Mg IflM.3' 

0^41 - Bj^ Mg ira S» 



iflSL - K^ Dj \ 



1^141 - B^ Mg mi s 

0^41 - Bj[ Mg MM S 



As prevl#UBly stated- Execute Mode -^ 5 (U. D^) is terminated after one (l) word time 

X o 



l^c - ^i D3 Di D^ T^ 



1^ - ^41 'i 
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O''^ - ^1 ^o ^1 
+ K4I G. N' 



INSERT WHO THE POUR STORE COMMANDS 

SLC - #25.0 

SLC - Store Location Counter 

The SLC command acts in the same manner as the STI (#25.1). 

(1) Because the command indicator bit will be a aero (o) we will leave 
R., primed. 



(2) R., primed will cause R true for the liEPT-HAND portion of the word, 

(3) This will cause the partial substitution to occur for the Left-hand 
address portion of the C(W). 



(4) The substitution will be the complement of the A-register. 
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CAZ - #16 

CMZ - #16.4 

The CAZ (#16) conmand will cause the C(A) to be forced to ZEROS (O's) and a 
POSITIVE SIGN to be placed in the SIGN BIT position. 

The CMZ (#16,4) command will cause the C(A) to be forced to ZEROS (O's) and a 
NEGATIVE SIGrN to be placed in the SIGN BIT position, 

CAZ - #16 - D^ 1)^ D^ Dj Dg D| C^ 

CMZ - #16.4 - B^ D^ D^ Dj Dg D[ Cg 

Both CAZ and CMZ are TYPE # 1 commands. 
Review OPERAND MODE FOR TYPE #1 conunands. 
Phase 1j - 

(1) C(b), which is the command-pair is gated into the Z-re^ster. 

(2) The UNINDEXED Channel address, and Operation Code are g-ated 
into the C-and D-registers respectively. 

(3) Analyze address. 

(4) Terminate the Operand Mode after ONE WORD-TIMS. Transition 
is to the Direction Mode - Phase 2, 

Direction Mode - Phase 2, 
Entered via: 

^""^ ^ ^ri fii 

°'^ - fn ^5 ^ ^1 



Phase 2 is maintained for ONE BIT-TIME 



,K 



1 c - NR, D, T, F» 
_-! 4 1 a 



NR^ =• I' I' 
-^ 41 



Transition is into Phase 1 
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During Phase 1 the A-regiater is "reset" to ZERO (O). 

0^41 - I' T. P' 
4 1a 

1^41 - No "SET" logic available. 
The zero placed in A., shifts down the entire register. 



0-40 - AJ^ D3 
^''59 . A», D^ 

0^1 - A' D» 
2 7 



The "SIGN" is placed in C2. 



1 2 - Uj^ Tj^ D- (Cannot be reset for CAZ) 



2 - Ij^ D^ D^ D^ D« C^ (irfUST be reset for CMZ) 



^1 " ^4 h H ^o 



^ - ^5 °2 



The CORKECT SIGN is then placed in A., at T,, via 

41 41 



^""^^ = ^^2 ^3a fil 



(For CAZ) 
(For CMZ) 



The R-register was recirculated! 

,R. 



1 41 - \ '^l 



41 = R{ D^ 



Reset I, - 5a - K,, 

Termination occurs at the end of the word -time in Phase 1. 
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CSA - #13 
Thi CSA CoB««iid oauses the "SIOT" in the A-register to be reversed. 
CSA - #15 - D^ D' D^ D^ Dg D^ 

CSA is a TYPE #1 Command. 

Review OPESIAMD MODE for TYPE #1 commands. 

(1) Gate C(b) into the Z-register. 

(2) Gate Channel and Operation Code eonfigtiration into the C-and D- 
registera respectively. (DNINDEXED CONPIGUBATION) 

(5) Analyze Address 

(4) Tenninate after OKE WORD-TIME. Transition is to the DIRECTION MODE 

Phaae 2. 
Direction Mode - Riase 2. 
filtered viat - 

oh - 5, D. D^ T^, 
mi terminate after ONE BIT-TIME with transition to Phaae 1 



l^c - NR, D, T, F^ 



NR^D^T, 



I^aae It 

During Phase 1, we will recirculate the A-register contents, BUT CAUSE THE 

SIGN BIT TO BE RBTBRSED. 



iV- H\^ ih-^ihhK 



0^41 ' ^\^ 

1^0 . A^, I2 
0^40 - A'l I2 



!5i " '5 ^3 
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A„ is inhibited, AT SIGN TIME, by D, - 



15 - 13a ^h H \o 



and the "SIGN" is copied by A.^^ 



/ 






^""^^ ' '2 h- !^ 



^41 o^vio^sly copies Cp. C- receives the si^ by, 



1 2 . U, T, D^ 



2 - A.^ T- I. D' D^ D^ CJ D' 
2 5a 6 4 1 6 5 

with termination at the end of the WORD-TIMK. 



' ' - '1 ^ 
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COPY A to R - CAR - #57 

The CAR command caiises the contents of the R-Register to be replaced by 
the contents of the A-Register. The address portions of the command has no effects. 



CAR - Dg D- D^ D^ D^ D^ 



CAR is a type #1 command. The OPERAND MODE - Phase 1 is terminated after 
one word-time, with transition to the DIRECTION MODE - Phase 2. 



1 - I D' D. T,, 
-il 5 4 41 

Phase 2 is terminated after one bit-time 



.Kc 



ZJ, 4 '1 a 



and we 



iSa' hbl'l 



y' 



i = ^4 ^2 ^1 
NR^ - IJ I' 

^1 '^W^lK 



\2 - S "^2 



Command execution is completed in Phase 1. 



,R 



1 41 - A, I,^ I, Dg D4 D_5 



41 = A- Ij^ I2 \ \ D3 
As the A-register recirculates its information 



1 41 - A^ U^ Dg D- D^ 



0^41 » A| U^ Dg D^ D^ 



Termination occurs with 



11 - q !^ 



Single Page 



XAB - #56 

The XAR CoTwtand caiises the C(a) Vici the C(p) to he exchan^d. 

At the termination of this command the original contents of the A-re^^ster 

will be in the H-register; while the original contents of the R-re^iater 

will be in the A-register. 

XAR - #j6 - D. Di D, D^ D^ D' 
" ? 4 V <? 1 

The XAR Command is a TYPE #1 Command . 
Review of OPERAND MDDE for TYPE #1 Commands 

1. Gate the C(B) into the Z-register 

2. Gate Opearation and Channel Code into the D-and C-registers 
respectively. (CHAR-Covinter receives the Sector ntimber) 

3. Analyze address 

4. Terminate after ONE WORD-TIME 

5. TRANSITION is to the DIRECTICW MODE - Phase 2. 

DIRECTION MODE - Phase 2 

The DIRECTION JODE is entered viat - 

O-'-l « I D» D, T,T 
n ^ 4 41 



and is maintained for ONE BIT -TIME until 



l^c » NR, D. T, F' 



transition is to Phase 1. 
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During Phase 1 the A- and the R-register contents are exchanged, 
k.^ copies R, 

^1 - 4 ^ Dg D^ D^ D. 



and R,, copies A, 



^''^l - *1 ^5a ^6 \ ^2 h 
^''^l - M ^a \ \ \ h 



where: - l^^Ja = Uj^ D T^ 



0^3a . K^ 



The command terminates at the end of the word-time 



1^1 « T,' K., 
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CGKPARE - CMG - #35 
COMPAIffi - CME - ??f35.1 

The CMG (#35) command causes the contents of the Memory Location to be COMPARED 
with the C(a) the result of this comparison will effect the J (overflow 



indicator Plip-Plop) in the following way: 

1. If C(A)::>C(W) - 0"^o 

2. If C(a)-^c::c(W) - 1*^0 

3. If C(A) - C(W) and the "SIGNS" are POSITIVE DO NOT CHANGE THE STATE 

CP "J ". 



4. If C(a) - C(W) and the "SIGNS" are NEGATIVE, REVERSE THE STATE 



OF "J " 
o 



5. If C(a) is equal to the C(w) BUT THE SIGNS" were different: - 



a. J was FALSE 





b. J^ was TRUE 




— >(+) A and (-) W - A>W - No Change 
^*"(-) A and (+) W = W>- A = 1*^0 
^(+) A and (-} V/ == Al^-W = 0*^0 
(-) A and (+) W = W>^A » No Change 



The CME (#35.1) command causes the contents of the Memory Location to be COMPAifflD 
with the C(a). The result of this comparison will effect the J Flip-Flop in the 
following way. 

1. If C(a)7^C(w): 1*^0 

2. If C(a) - C(W): NO CHANGE 
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CMG - #35 - D^ D5 D4 Dj D^ D^ 

CME .#35.1-D^ ^^4^3 ^2^1 (K43) 

Both CWG and CME are TYPB ih Commands 
Review of OPERAND MODE for TYPE # 3 Commands 
Phase 1 - 

1. Gate C(b) into Z-register (INDEXING PERMITTED) 

2. Gate Op-Code and Chan-Code into C- and D-reglsters. 

3. Analyze address for LOOP or MAIN MEMORY 

Phase 2. 

1. Gate Indexed Chan-Code and Sector-Code into the Chan-register and 
character coimter 

2. Reload the D-register 

3. Search for Sector Agreement. 
Ph€we 3. 

1. Gate C(W) into the B-register. 
Transition is to the DIRECTION MODE - Phase 2 which is MAINTAINED FOR CKE(1) 
BIT -TIME. 



l^c - NR, D. T, P» 
-J 4 1 a 



NR^ . I. I. 



Transition is to Phase 1 

At this time the C(w) is in the B-regiater. The comparison will be between the 

C(A) and the C(b). 

Jq is the Compazlson Indicating Plip-Plop, 



2. 



1 o - A« B^ Ij D^ D^ Dj (B^A for CMG; A^B for CME) 

* '^o M "^41 ^ ^5 ^4 °3 ^43 ("Sign investigation for CMC) 

+ Aj^ Bj D^ D^ Dj R^j (A 4^ B for CME) 

+ A^ B{ I^ °5 ^4 ^3 ^45 (^ ^ ^ ^°^ ^^) 

o 1 41 5 4 °3 ^43 ^^ (Sign investigation for CMG) 



R43 indicates a ORE (l) in the COMMAND INDICATOR bit-position 
1^3 . !• I^ T^ 

-1 -0 :22 ji °o 

+ Z' G^ T_ I D 
J- o _^ _n o 

The A-register was recirculated normally 
1 41 - Aj^ I^ D^ 

41 - A,' I' D' P' 
•'■4 2 a 

TemlMtion occurs at the conclusion of aiE (1) word tim via. 



R3-CH-101 



ADDITION - SUBTRACTION CHARTS 

Regardless of the "signs" or "magnitudes", of either A-register or 
B-register, ALL CASES of ADDITION or SUBTRACTION will develop into 
one of the four (4) cases listed. 

CASE #1: A + B where the SUM IS LESS THAN ONE (l) 

CASE #11: A •«■ B where the SUM IS GREATER THAN ONE (l) 

CASE #111: A - B where A is GREATER than B 

CASE #IV: A - B where A is LESS than B 



Register 


Magnitude 


Signs 


Operation 


Operation Will Be 


Type 


A 

© B 


A> B 

Sum^l 


+ 
+ 


Add 






A 
© B 


Sum ^1 


+ 
+ 


Add 






®B 


A ■!■ B 
Su^-t- 1 


+ 
+ 


Add 






A 
B 


A > B 
Sum \1 


+ 


Add 






A 


A^B 


-f 


Add 






A 
®B 


A *> B 


— 


Add 






< 


A<B 


- 


Add 






® B 


A ^ B 


+ 
+ 


Sub 






®: 


A<B 


+ 


Sub 






®: 


A "^ B 


+ 


Sub 






©: 


A<B 


+ 


Sub 






®B 


A>B 


— 


Sub 






A 
©B 


A ^ B 


- 


Sub 








ADDITION (#73) 
SUBTRACTION {^12) 

The command ADDITION specifically causes the contents of the LOOP, or 
MAIN MEMORY location, as specified by the CliANNEL and Sector configuration 
of the conunand in the Z-register, to be algebraically added to the contents of 
the A-register. 

The command SUBTRACTION specifically causes the contents of the LOOP, or 
MAIN MEMORY location, as specified by the CHANNEL and Sector configuration of 
the command in the Z-register, to be algebraically subtracted from the contents 
of the A-register. 

Either command leaves the contents of the R-register, and the I»IEI,IORY 
location, unaltered. 

Both ADD and SUBTRACT are TYPE S Commands. This means that they will 
terminate the OPERAND MODE (l^) at T ^^ of MODE - Phase if'^. During Mode - Phase 7^5 
the contents of the MEl/IORY location will be shifted into the B-register. 



Transition from the OPERAND - Mode (l' I„ K' D ) 

^ 4 2 c o' 

will be into the DIRECTION - Mode (l» I^ I' K' D') 

^ 4 2 1 c 0' 

Phase 7/^2. This will be accomplished via logic 

°'l - % [%. - 4 ^2 ^ ^1 

O''^ - ^1 ^o \l 

The OPERATION CODES for the two commands are: 

ADDITION =- > T). Dc D, D| D^ D, 

654321 

SUBTllACTION > D. D^ D, D' D^ D' 

054321 



1. 



Entering the DIRECTION MODE causes primaiy gate M^ to become true» 



M« - I^o Dc D. D« 
Where I'^Ja - N^^^^ Dg 



Before proceeding it is necessaiy to consider the total manipulations 
that we wish to, and will perform to accomplish the task of ADDIPIQN" or SDBTHACTIcai. 

1. Conversion of all algebraic conditions that might be encountered 
in either ADD or SUBTRACT into standard ADDITIQH or SIJBTHACTIOM. 

2. Achieve the correct "SIGN" for both "SUM" or "DIFFERENCE" when the 
correct answer is placed in the A-register. 

The question of whether to perform standard addition or subtraction depends 
not only upon the command, but upon the algebraic signs of the contents of both "A" 
and ♦TB" registers. 



Rule #1 Addition of "A" and "B" registers is required for ADD Commands} 

IF THEY HAVE THE SAME SIGN. 
Rule #2 Addition of "A" and "B" registers is required for SUBTRACT Commands; 

IP THEY HAVE OPPOSITE SICENS. 
Rule #3 Subtraction of "A" and "B" registers is required for ADD Commands; 

IF THEY HAVE OPPOSITE SIGNS. 
Rule #4 Subtraction of "A" and "B" registers is required for SUBTRACT Commands; 

IP THEY HAVE THE SAKE SICW. 



Considering the four (4) stlpidated rules we may now state the four exclusive 
"oases" that are possible for the ADD-SDBTRACT Commands. Regardless of the Command 
(ADD or SUBTRACT), the "SIGH" configuration, or the magnitudes of "A" and "B", each 
combination will fall under one of the four "cases". 



2. 



Case I A + B where the evaa is LESS THAN ONE (l). 

Case II A + B where the aura is GREATER THAN ONE (l) (Overflow condition). 

Case III A - B where A is GREATER THAN B. 

Case IV A - B where A is LESS THAN B. 



Examples of Case I: 



{+) 




+ .6 
+ .2 
+.8 




Examples 


of 


Case 


II: 


(+) 




+.6 
+1.1 


- 


Examples 


of Case 


Ill: 


(+) 




+.6 
-.1 

+.5 




Examples 


of 


Case 


BT: 


(+) 




-.1 
+.6 





(+) +.2 (+) -.2 (-) +.6 (-) -.2 

+.6 -.6 -.2 +.6 

+.8 -.8 +.8 -.8 



(+) -.6 (-) +.6 (-) -.5 

-.5 -.^ +.6 

-1.1 +1.1 -1.1 



(-) +.6 (-) -.6 

+.1 -.1 



+.5 -.5 



(-) +.1 (-) -.1 

+.6 -.6 



+.5 -.5 +.5 



It is now obvious, from the foregoing examples, that the importance of the 
"SIGN" plus THE MAGNITDIJE of the two registers (A and B) must be considered in 
content before proper placement under a specific "case" can be considered. 

It is necessary, however, to first denote the operation as either addition 
or subtraction (occurs during the first bit -time of the Direction Mode). This 
is accomplished by logic acting upon D, dxjring T, of the Direction Mode. 



3. 



^""l " ^41 ^41 ^i ^^0 h h 



^\l =41 4 ^o h h 



° 1 - ^41 =41 ^o h h h 



^^1 =41 "o h ^2 ^1 



-^Command is SDB - #72; Signs axe OPPOSITEj) 

(r - 



[Perform Addition by Rule #2) 



->^Conmi6ind is ADD -#75? Signs are OPPOSITE;) 
(Perform Subtraction by Rule 7/^5) 



When the Signs are THE SAME, the specified operation is carried out. 



We may now proceed to the actual operations of addition or subtraction. 
Execution of both commands will take two (2) word -times. One (l) word-time in the 
Direction Mode and one (l) word-time in the Execute Mode. 

During the Direction Mode both "A" and "B" registers will be shifted right. 
Their entire contents will be monitored at A,, and B, , and added together. K will 
act as the "carry" or "borrow" flip-flop while R, will be the over all gating flip- 
flop for the addition or subtraction. S flip-flop will be the "SUM' or "Dli'FERENCE" 
element. During the Direction Mode; 

1. The "Sum" or "Difference" is copied into B.q (because of the one (l) 
bit delay in S) 

2. The A-register is reset to zero. 

3. The R-register recirculates R^j— — ->R.„. 

Q 

4. 1 2 on the assumption that the "sign" of the answer will be positive. 



4. 



This would be piotorically represented by: - 



I 



R 



42 



Zeros ^ 41 



41 



40 



>41 



A-Reg, 



B-Re g. 



R-Reg. 



II]- 



I 



T 



sk — [T 



sw 



* Representation of B^^ and Rj^ as a single "AND" signal is essentially 
for illustration. The inspected logic will show that whenever B^ is used, R 

will be included. For B^ the "gate" would be false, hence R^^ is redundant. 

When considering the output of S and K from the inputs A,, B, , and K , 
the use of the truth table simplifies matters. 



,K 



a - N^j^ Dg (K^ is initially ZERO) 



1 'hH^kh.^hD'^Lha^h^Kh^ 
* Soo Ka l3a ' ho \ ha ^ ^11 ^a 



^0 " ^1 H 



%1 - 4 ^1 



foo - H ^i % 



00 a 5a oo a 3a 

+B, Rf., K I,^ + A, B' K I, 
1 01 a 5a 1 1 a 5a 

+ R,» I K + S,, K' T' 
10 5a a 11 a 41 



^^00 - H H % 



fn - ^1 ^1 ^1 ha 



The additional logic for K during ADD or SDBTHACT is: 

1- -I ; 3a "S 



^""^ - foo ^1 ^3a ^a -^ ^ ^1 13a ^a ^ ^1 ^i ^i h^ 
^ ho ^i 13a -^ ^3a ^41 



For either addition or subtraction H, is always "set" at T 



1^1 = M^ T, 
o i 

3a 5 o 40 



The A-register is "reset" to zero by: 

0%1 = I' T, P» 
4 1a 

There is no 1 4I logic that can come true dviring this word-time. 



The output of "S" is copied by B .- via 

1^40 - S M I- 
o 2 

0'^40 - S' M^ I 



The contents of the R-register ia recirculated by 

A2 - R2 M^ T^^ 1^41 - K42 M^ AO - H^, D 

0^2 = R- M^ O^Vl " R^g ^o 0^0 - R • D 



41 4 
41 4 



It is now necessary to distinguish "cases" where the knowledge of 
COMMAND, and SI(3J, are not explicit enough. 



6. 



Case I: - Sign and Command are sufficient. 



Case II: - If we generate a "CAx'SlY" (K = true) at T.,, we are assured 

that the SDM is greater than ONE (l). This condition is 

OTSIWUM, A Overflow causes J flip-flop to "SET". 
.J /- 



^ ° - ^a ^41 h \ ^ 



NH =■ I, D^ D. D' M' 
?Q 3a 5 4 3 



Jq will caTise the overflow neon to be turned on. If the next command is 
TEMSPER ON OTEaPLOHT - (#52 ) the neon will be turned off because J will be 



reset. 



Case lit - The greater magnitude of the A-register is detected at T , 

41 

of the DIRECTION MODE because no "borrow" indication in K (K') 

& £1 

will be present. In this case the correct "DIEFERENCE" will be 
IN THE B-REGISTER at T .^^ of the Direction Mode. During the 
one word -time that we spend in the EXECUTE MODE, we will simply 
Add this correct answer to the zeroes in the A-register and 
deposit the unaltered, correct answer, into the A-register. 



Case IV ! - The greater magnitude of the B-register is detected at T., of 

the DrUECTIQN MODE because of the "borrow" indication in K 

a 

(K^ = true), will be present. In this case the COMPLEMBFf (2^) 

of the correct "DIFFERENCE" will be IN THE B-register at T„ 

41 

of the Direction Mode. During the one word-time that we spend 
in the Execute Mode we will Subtract this complemented answer 

from the zeros in the A-register and deposit the correct, 
"KECOMPLEMENTED" answer into the A-register. 



7. 



In Cases I, II, and III we will always have the correct answer in the 
B-register at T., of the DIRECTKB MODE. We will always Add this correct 
answer to the zeros in A diiring the word-time spent in the EXECUTE MODE. 

In Case 17 we will always have the Two s complement of the correct answer in 
the B-register at T., of the DIRECTION MODE. We will always subtract this complemented 
answer from the zeros in the A-register during the word -time spent in the EXECUTE MODE. 



At T., of the DIRECTION MODE the logic comes true for transition into the 



EXECUTE MODE. 



0^2 - M„ K K = T., K' 

o o 41 c 



Transition is into EXECUTION MODE - PHASE 2. 
Gate U. comes true 

TT a T' l« l» 
^■^4 2 -^1 

Cg, which had been "set" during the DIRECTION MODE (l°2 = U^^ T^^ B^) 

samples the state of S for "negative sign" implications. 

0^2 = S' M n T, 
o <: 1 



K will be forced TRUE at T, of U. 
c i _i 

A = I' I- D4 T^ 
forcing us into PHASE 1 after one bit-time. 



The 



correct "sign" will be copied into A.^ at T., , from C„ 



°''41 = C. I^^ K^^ 



8. 



For correct execution of Case III examples it is necessary to "set" D, as we 
enter EXECUTE. 

1^1 = k; t^^ fa- m^ 

80 that addition mi^t occur. 



The logic for the B-register remains the same, as does the logic used 
to recirctilate the contents of the R-register. 



During EXECUTE the A-register picks up the result from S at A . - 
Ao - S I^ NH^ 

Addition or Subtraction is then completed. 



Transition is to I or I via 
n 



EXTRACT - #70 - EXT 

The EXTIULCT COlfflttND will cause the contents of the A-register to be compared 
with the Operand, in the Memozy location specified by the address portion . 
of the coiamand. 

Where this ooaparison shows a coincidence of BINAKfOKES" , at a specific bit 
position, a binaiy one is retained, by the A-register, in that bit position* 
For those bit positions where a lack of BINABY ONES are coincident the A- 
register MUST place a zero. 

The contents of the R-register and the Memory location are not changed* 

EXT - #70 - Dg D5 D^ D^ D^ D[ 



Extract is a Type #3 command. Type #3 commands specify that the OPERAND MODE 

be maintained until T., of Phase 3. 

41 



Summary of Operand Mode - 

Phase 1 - Sense Address and load the D and C registers with the UNINDEXKD 
configuration from the B-register. Mcdntain for one-word-time. 

Phase 2 - Load the Channel Register and the character counter with the 

INDEXED configuration from the Z-register. Reenter the Operation 
Code into the D-register. Search for Sector Agreement between the 
Z-register and the Sector channel. Remain uAtil S T .j^. 

Phase 3 - Gate the Operand from Memory arvi into the B-register. Maintain 
for one -wojrd -time. 
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Transition is from Operand Mode - Phase 5 into the DIRECTION MODE - Phase 2 
where we remain for OSE BIT-TIME. 



0^1 - N 



11 



O''^ - ^1 ^0 ^1 



ENTER DIRBGTION MODE - Phase 2 - 



1 - NR, D, T, P' 



<^ 



ENTER Phase 1, after ONE BIT - TIME 



^ - ^2 ^1 ^o ^1 



/ 



NRj e I» I| 



The coincidence of "Ones" is used to "set" A 



1*41 - k^ B^U 



Zeros in either A or B is used to "reset" A 



41 - A' D- P; I- + B« I^ D5 D' 



Sync bit will be zero via 



,A. 



41 - li T, P* 
4 X a 



The R-register recirculates because of 



y 



II I,' D' I« 
4 1 o 38' 



0-41 - R{ I'^ 



Termination is viat 



^^ - ^41 H 
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COPT TO L-LOOP - #40 - CTL 
copy TO V-LOOP - #41 - CTV 

The Cogmands CTL - #40 ♦• and "CTV - #41", will force the replacement of words 
in the specified loop. This repltuiement will start with the word whose least 
significant address "OCTAL DIGIT" is the same as that of the address specified 
in the ooBmand. 

The replacement of words, in the loop, will be with consecutive words, starting 
with the word addressed, imtil 776? or 7777 is filled. 

Examples! 

OPL - 1230 will replace words 7760 to 7767 with 1250 to 1237 

CTL - 1235 will replace words 7765 to 7767 with 1235 to 1237 

CTL - 1237 will replace the word at 7767. 



The explanation for CTV is completely anelogous to the CTL command. » 



The OPBRiTIQN CODES axet 

CTL - #40 - Dg D» D» D' D^ D^ 

CTV - #41 - Dg D« D| Dj D» D^ 



Both CTL and CFV are Type #2 Coomands. 



During Phase - 1 of the OPERAND MODE the address is sensed, in the usxial manner, 
as MAIN MEMORT by monitoring Gg- throu^ at Z., flip-fXop. 



* NOTEi It is impossible for the CTL and, CTV commands to copy from one loop into 
the other. If a loop address is specified in the conmand, the re- 
placement words will come from the "Grey Area" of Main Memory. 



1.44" 5. 



Th» Operation Code and the Channel configuration are traneferred into the "D'* 
and '*C** registers from the B-register. 

CoDBand Mode - Phase 1 is, of course, terminated after one word-tiiae by« 

and we enter the OFEHAUD MODE - Phase 2 

The typical quaUty of type #2 ccHonands is that thely remain in Phase 2 of the 
OPBEUUro MODE for only cms word -time. During this word-time three main duties are 
always accomplished. 

1. The (POSSIBLT IHISXED) CHANNEL-ADDBESS is gated into the C-ngister 
through the D-register. 

2. The (POSSIBLY IHIEXED) CHARACTER COUNT is gated into the G-register. 

3. Ths OPEBATIGH CODB is REERTBBED IKTO the D-zeglster. 
Phase 2 is terminated byt - 

0^1 - I D« K 



The BIBECTICI MODE - Phase 2 is entered. 



The SISBGflON HODS is entered by both commands, 
aocoovlish axcr of their executicm. 


CTL and CT7 do not use this mode to 





The Direction Mode is terminated after one word-time byt 

o^2.ira^K^D' K-iiM 



2. 



The EXECUTE MODE - Phase 2 is entered. 

Our configuration, at this time, is I' I» I» K' D'. 

4 2 1 c o 

We will proceed to search for Sector Agreement for writing using the usual comparison 
logic. 

l^o - K; d; Z^ S. N^ T.^ + K. D; Z. N^ T.^^ 

0^0 - T^^ 

^^^ - ^o ^ ^; ^ % I22 \ 
oh . P5 p. p. K. 



''e °^ ^28 
When Sector-Agreement is reached, Phase #2 is terminated in favor of Phase 5 by: - 

1^0 - S* U, D« D» D» T,, 

_i 4 2 o 41 

Since gating to the Loop is variable, from one (l) to eight (s) words, "D " is not 
going to be reset until a zero (O) is detected in the most significant bit position 
of the SECTOR TRACK. A zero is permanently recorded in the most significant bit 
position for sectors 07. 17. 27. 37. 57. 67. 77 of the sector track only . 

l^c - S4 U. D T,- 

1 _i^ o 40 

O'^o - K., G' N' 
41 1 1 



3. 



The actxial writing into the loops is acoOTipliahed by 



r41 - M^ Mg Dj D' 
0^41 - M^ Mg Dj Dj[ 



!^ ■ ^2 4 ^o ^i ^^ 



141-M^l^D'D^ 
0^41 - M^ Mg Dj D^ 



Both A and R registers recirculate normally 

oV - M ^ ^ * M ^2 ^4 ^; 

iV - R, I.^ 
oV - R. I.^ 



!i-^4^2 4^; 



bi 



^^ 



The normal recirculation of L and V-loopa is by 

1 41 - L^ D^ + L^ I2 + Li Ii + L^ Dj K; + L^ H^ 

0^1 - 4 d; + L- I2 + 4 i^ + L' Dj k; + L- Dg 

iV-ViD.^V^I^+V^I^^V^D^ 
0%1 - V' D^ + 7^ I2 ♦ VJ I^ + V^ D^ 

The loops are recirculated xmlesa new information is being filled in by copy to 
the loops or a Store Command. 



4. 



When copgr to V-loop oocurs, the L>loop must be reoirciilated by special logic 



r41 - Lj S 



0"41 - L{ S 



Where S is forced prime eveiy word-time by during GPL, CTL, CT7 and STO by 



If the ooanaad is CTV the state of S is reversed at T , byt - 

41 



' ""s^h^ho^^i 



I, - !• i« D» n 

II 4 1 o 3a 



!io - ^i ^^ 



copy PROM L-LOOP - #44 - GPL 

The Coiomand CFL forces the replacement of words in Main Memoxy by words 
in the L-Loop. This replacement will start at the memory locations specified by 
the address in the command. 

The replacement of words in Main Memory will be consecutive words, starting 
with the specified address and continuing until L-Loop sector 7767 has been 
written (into Main Memory). 
Examples: - 

CPL - 1230 will replace words 1250 to 1257 with 7760 to 7767 

GPL - 1255 will replace words 1255 to 1257 with 7767 to 7767 

CPL - 1257 will replace word 1257 with 7767 

The logic for CFL is similar to that used for the STO Command) except that 
gating lasts from one to eight word times, and the information is transferred from 
the L-Loop to Main Memoxy. 

The OPEBATION CODE is 

CPL - #44 Dg D^ DJ Dj D^ D{ 



The Logic for CFL is the same as CTL & CTV EXCEPT for the "work" implication 
during EXECUTE -MODE -PHA.SB 5* 



Writing is accomplished into Main Memory via 



Al » L, M, L T' 1^2 - L' M. L 
1 _b m JL i D m 

0"'1-H«6\ 0"'2 - L^ Mg L^ T' 



ALL Recirculation Logic is the same. 



h'^^i ^o n ^^ 



L - D, D' 
m 51 
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LOAD INDEX - #31.1 

The command LOAD INDEX causes the configuration (contents) of the INDEX BEGISPER 
to be replaced by the right hand address portion of the word addressed. 

Load IHIIEX is a type #3 command. We will remain in the OPERAND MDDE until we hare 
gated the contents of the m/DKf LOCATION, as specified in the Z-register, into the 
B-register. 

Reyiewi - OPERAND MODE - Phase I* 

1. The "Operand" address is sensed as MAIN MHIORr or Loop by monitoring 
O27 — >S4 ** ^41 ^"^"^ h 

2. The Operation Code and the Channel Address are shifted into the "D" and 
"C" registers from the B-register, 

5. If the transition was from the COMMAND MODE - Phase 2 the conmand - pair 
would be gated into the Z-register from the B-register. INDEXING would 
occur if specified, 

4. Transition is to Phase 2. 

Operand Ifode - Phase 2. 

1. During the first (let) word time: - 

a. The Operation Code and the INDEXED (if specified) Channel Address 
are gated into the "F' and "C" registers from the Z-register during 

N5. 

b. The INDEXED (if specified) CHARACTER COUNT is gated into the G-register 
from Cj^ during K . 

2. Phase 2 is continued until Sector Agreement is detected by S'. 

3. Transition is then to Phase 3. 
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Phase 5. 



1. The "operand" is gated out of Memoiy by D^, and into the B-register. 

2. Phase 3 is maintained for one (l) word time. 

Transition is to the Direction Mode - Phase #2 for 1 bit time, and then 



into Phase 4 at T^. - i^^ - U^ m_ t^ 



1 c - HR, D. T, P» 
-I!2 4 1a 



'ij - D^ ^ B. Dj 



LOAD INDEX LOGIC EXPLAITJTIOK 



The "CCMPLEMEIIT" of the B-register is shifted into the G-register by the 



main 



two signals N» and R,„ 
5 42 



1^41 - B4 H N' R D. 

~ ^ ^^ 5 IJ)I - #51.1 m D, D, D- D' D, 

41.Bi^N'R^2^5 



Where H -I'D I« 
--0 1 o 3a 



f 

R42 is True via: - 1^42 - p. d, R,, n t, 

' -I- 4.3 _1 1 

Where Uj_ I^ I^ I^ D^ and R^^ had been previously set by 

1 43 - I^ Tj^ 1^ (T^ of phase 3 in the OPERAND MODE) 

R^^ was unable to Reset 
0^3-Z.G;T22T^D^-.Z.G^T2T^D^ 

NOTEt The Command Indicator had to be a "one" (l) making 
Zj^ ture at T^ or Tjg 
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And 



° ^^ " Ha. ^c '^14 *e"»ina*es the timing to include only the Address bits. 
The ccxnmand is terminated by 



^'1- 4^4^ 
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ALS - #02 - Accumulator Left Shift. 

ARS - fi^5 - Accumulator Hight Shift. 

AS\r - #02.2 - Accumulator Left Shift - Overflow 

ASC - #02.4 - Accurnidator Left Shift - Normalize 

LLS - #42 - Long Left Shift, A-and R-registers. 

IBS -#43 - Long Right Shift, A-and R-registers. 

LS7 - #42.2 - Long Left Shift-Overflow - A and R registers. 

LSC - #42.4 - Long Left Shift - Normalize - A and R registers. 

The ARS and ALS comm ands will cause the C(a) to be shifted "ri^t" or "left", 
respectively, the number of bit positions specified by the Sector configuration and 
the "least significant bit" of the Channel configuration. These bit positions allow 
a maximum of a 12? bit shift. Bits leaving the A-regiater, due to the shift, are 
lost. Zeros are placed in the bit positions that have been vacated by the shift. 
The "sign" is not effected. 



The_ ASy and ASC commands have the same effect as the ALS command, with 
exceptions: 

1. ASV will TURN as THE OVEHFLCWT INDICATdl, if a binary one (l) 
is shifted past the most significant bit position. 

2. ASC will terminate when the C(a) either achieves the desired shift 

or becomes NORMALIZED whichever occurs first. The C(l) is decremented 
as per the number of bit positions shifted. 



The LLS and LRS commands will cause the A and R registers to shift left or 
ri^t as though they were one 78 bit register. The degree of shift is determined 
in the same manner as for AliS and ALS. The "sign" bit positions are ignored in the 
shifting process. Bits shifted out of the left end of "A" or the right end of "R" 

are lost. Zeros are placed in the bit positions that have been vacated by the shift. 
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For LLSt make the sign of "A" the same as the sign of "R". 
For LRS: make the sign of "S" the same as the sign of "A". 



The LS7 and LSC commands hasre the same effect as the LLS command with 
exceptions t 

1. IiS7 will TDHN CN THE OTERFLCW INDICATOR, if a binaiy one (l) 
is shifted past the most significant bit position of the 
A-register. 

2. LSC will terminate when the degree of shift has been achieved, 
or the A-register becomes NCMIALIZED, WHICHEVER OCCURS FIRST. 

3. The C(l) is decremented as per the number of bit positions shifted. 



ALS - #02 - D^ D • D' D« D^ D • C^ C- 

ARS - #03 - D^ D' D^ D- D^ D^ C^ C' 

ASV - #02.2- D^ D^ D| D^ D^ Dj C^ C 

ASC - #02.4- D^ D^ D| D^ B^ D| C^ C' 

LLS - #42 - D^ D' D- Dj D^ D • C^ C • 
LRS - #43 - Dg D' D- D^ Dg D^ C^ C- 
LSV - #42.2- Dg D" D^ Dj D^ D' C^ C^ 

LSC - #42.4- Dg D' D- Dj D^ D' C^ C- 



All shift commands are TYPE #2 commands. 



Review of the OPERAND MODE - for TYPE #2 commands. 
Phase It 

1. Gate the C(b) into the Z-register. 

2. Gate the DNINDEXED Channel number and Sector number into the 
C-register and CHARACTEi COUNTER, respectively. Load the 

D-register. 
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3. Analyze the address. 

4. Terminate after ONE WORD TIME. Transition is to Phase 2. 
Phase 2. 

1. Reload the C-register and the CHARACTER COUNTER with 
the INDEXED Channel k Sector configur&tipn. Reload 
the D-register, 

2. Terminate after ONE WORD TIME with transition to the 
DIRECTION MODE - Phase 2. 

DIRECTIGIT MODE - Phase 2. 

All of the SHIFT COMMANDS enter the DIRECTION MODE - Phase 2 via 

O-'-l - I D« K 
n 3 o 

During Phase 2 we will* 

1. Zero the B-register - for ALL COMMANDS (SHIFT) 

0^0-l^D^^B.,D' 

°^41 - n ^3a ^2 






2. Set I, J 



13a.U^D^T, 



3. Store the proper sign in C.. 



1"2 - U^ T^ D^ 



(Assume Positive Sign) 



2 = A' Di D^ D' U^ Tg (Porce Negative) 



(R-register sign governs 0„) 
*«40 ^6 ^ ^1 ^ -^2 



(Force Negative) 



A-register sign governs C,) 



*H0^6^h^^2 



(Force Negative) 
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"Set" D, for ALL LEFT SHIFT COMMANDS 
1 ? « I D' D» T 



jL*^..jaigfik.lfir-SQIQ<AlJZED A-regi atari Commanda LSC and ASC. 



If eithar of these ooBBaands finds the A-register NOIftIALIZEI>» ve hanre immediate 

traasltion to Phase 1» at T.^, and oomraand termination at T.,. 

4U 41 



1 c - A, T •« U, Dc„ D' D' C^ 
1 40 _JL 5 , 2 4 1 6 

(Only applicable for LSC & ASC) 



K^ true at T., wotild cause 1 1 « I' K., 
c 41 1 41 



6* Heoiroidate the A-and R-registars. 



1 41 « K ^1 D^j 



0^41 « A^ U^ D„ 

Al - R, 1^ flj ^ R^ D^ 

OV « Ri Ig^ C. . E» Dl 



D^.I,.D. 



fid -12^5^3 






Per both the A-and R -r egisters ALL B IJT THE SIGN BIT is reoiyoalated. 
7. Allow the CHARACTER COUNTER to count up. 



r4i - G, K' T' + G* K„ I« D» 
1 g 4a 1 g 1 o 



111 111 fi^4l * ^1 ^« ^i ^0 



1 e «G I'T PIP +G'I*T P P 
^ o -^4 IM 6 ^1 * ''o -^4 Im ^6 *^1 

C^« - T„^ + G4 K I' D» 
_^. 1 g 1 o 



8. Terminate the DIRECTION MODE - Phase 2 after ONE WORD TIME with 
transition to the EXECOTE MODE - Phase 2. 
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EXECOTE MODE - Phase 2 is entered via - 0^2 - NR K D' 

—1^ 4 

During EXECUTE IKEB - Phase 2 the degree of shift specified, and the type of 
shift specified will be accomplished for ALL SHtPT CCWMANDS 



ARS 
Fig. 1 



A-regiater filGHP SHIFT (Figure l) is accomplished by causing "S" to 
copy A^y and then A^^ copies "S-. The S-f lip-flop is simply a delay 
flip-flop. - 



1 - A, B' K' L 
1 1 a 5a 

S 

00 a 3a 



1-^39 - S M3, T. 



0S9 - S« U^ T^ 



(Ta - L T., 
3a 41 



S„„ - A' B' C' 
00 114 



!^ - ^4 ^3 \ h. ^2 



+ A* T T' 
*40 h -^2 



Leading zeros (o) are copied from the primed A.^s 0*40 « K' M P« 

40 a 3R a 

K^ will remain primed, for all shift commands because B. cannot come true. 

The A-register will continue RIGHP SHIPTING in this manner, until TERMINATIOir IS 
IHDICATED. 

The correct sign will be forced into A^^ at the last bit-time of commands executioni - 

^'41 - 0, 15^ K^ 
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The A-register LEFT SHIFT (Pig, 2) is accomplished by causing "S" to 
copy k^ and then A., copies "S", 



1 41 . S 1^ T' l; 



41 - S 



'«SL^; 



with "trailing zeros" inserted into A,, at T, 

41 1 



!ki " ^4 ^3 ^3a °i 



41 - T, !• F« 
14a 



Aa 07EHP10W is detected for AS7 by 



'°"^i!4g^^^S 



A NOHMALIZED A-EBSISTER WILL TEBMINATE THE COMMAND for ASG. 

(dtheiwiae t ermination wil l occu r when the prescilbed degree of shift has been achieved) 
The contents of the INDEX REGISTER will be increased by one (l) each word time we 
remain in Phase 2, FOR ASC & LSC ONLY. 

.G 



1 41 - Gj^ K' T^j^ (Nowal Recirculation) 
+ Gj^ K I»^ D^ (Add logic) 



41 - G' K' T» 
1 g 41 

+ G, K I' D' 
1 g 1 o 



Kg - Cariy Flip-flop: 1 g - Tg Mg^^ D' Cg 



(ASC OSLY) 



O^g - G' K I« D» + T„„ 
1 g 1 o 20 
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ind the correct sign will be forced into A at the 1«^+ >,h+ +^ 

ijicu A^j^ au tne last bit -time of commands 

execution 

The A-register will continue LEJT SHBTING in this manner until TEmJSATlOS IS 
INDICATED. 



m^S J A-and R-registers LONG RIGHT SHIFT (vi^ -^\ a^. i^ ,. , 

Pig. 3 o- V, flxi^m anjj-i ^jjig. 5; 18 accomplished by causing 

-S" to copy A^, and A^^ to copy "S". (This takes care of the 
A-register right-shift.) At the same time R^^ receives the L.S.B. of 
the A-register by copying A^ at T^^. The R-register right-shift is 
completed by allowing R to copy A » ' 



(1) 1^ - A, B' K' D« 

•L 1 a o 

0^ - S K« D' 
00 a o 



(2) 1^9 - S M_ T' 



SR 1 (Not true for Eight Shift 

0^9 - 



oV . k; Mg^ f; 



(Leading Zeros) 



,R 



(5) l"40 - A^ M_ T 



2 !k "^41 [m^ - Dg D- D. D^ I^ 



a 



°^41 - A^ M^ T^i 



>i 



(4) Al - K^ M^ I- T-^ 
0^1 - R^ U^ I. T^^ 
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Leading zeros (O) are foiroed into the USB position of the A-register viaj 



0^39- A^o t^f; 



Where: - 



'K'^R^l 



The oorreot mign is forced into the A-and R-registers via: 



The A-and R-registers will continue RIFHT SHIPTING in this manner until TERMINATION 
IS INDICATETD. 



LLS, LS7, LSC The A-and R-registers LONG LSPT-SHIFT (Pig. 4) is accomplished by 
^' causing "S" to copy ^^^ A^ and A^^ to copy ^^^ "S". (This takes 

care of the A-register LEPT -SHIFT). The LSPT-SHIFT of the R- 
register is caused when R^^ and H are inserted in the R-register 
recirculation, with ^ ^ H^ omitted, to cause a one (l) bit left 
precission. The M.S.B. of the R-register is transferred to the 
L.S.B. position of the A-register by allowing "S" to copy R and 
then A., copies ^'^' "S". 

1. 1^ - A, B' K« I, 

1 1 a 3a 

0^ - S K« I^ 
00 a 5a 

2. 1^1 - S Mgj^ T| D« 



o 



^''^l - S' "SL K 
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^^42 - R43 ^ T^ T' Dg 



Ji 



° ^ ■ «42 «SL ^6 ^; 



M » D' D, I, C» 
SL A ^ 3aL A 



with the MSB copied into the LSB of A-register viat 
1^ - Ija C4 T^j^ (Pre "SET" "S" to one) 

° " ^40 ^4 ■^3a ^1 (R®set if MSB is^ zero) 
The MSB is copied from R.^ into "S" at teffectively#T, . 
It is then copied by A.^ with the standard recirculation logic. 



1^1 - 3 Mg^ T- BJ 



1 " =' hL K 



And the trailing zeros sure inserted into R.^ at T, 



An OVEHPLCW is detected for LSV by: 



ro 



^!40^5!kS 



A NORMALIZED A-HEGISPER WILL TERMINATE THE COMMAND FOR LSC. 

'''^-'!40^5!Sl°6 
(otherwise termination will occur when the prescribed degree of shift has been 
achieved. ) 

I ♦ 



The INDEX REGISTER Increase has been described for ASC. The exact logic is 
! 
I applicable for LSC. 
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And the correct sign will be forced into A., at the last bit-time of commands 



execution. 



y 



°^4i - c^ I3. !4i 

R, C^ D. 



4 °4 4 



3a 5 4 40 
0^4 - T^ NR^ Dg 



H,, copies the correct sign 
at T .^ . Sync is likewise 

recirculated at T, while C, is true* 

. 1 4 

Th* A-and K-registers will continue LKfi' aHJi'l'iNU m this manner until TJsMiHATillJ 

IS INDICATED. 

SHIFT LOGIC TERMINATION 

Ths nxDBber of bit positions that we shift right or left will coincide with the number 

of word-times that we spend in the EXECUTE MODE - Phase 2. 

The CHARACTER COUNTER will show an increase of one (l), in its readout value, each 

word-time of the EXECUTE MODE. 

The readout of the CHARACTER COUNTER configuration and the C, flip-flop will tell us 

when we should tenainate shifting: operations (with the exceptions for ASC and LSC 

already oorered.) 

The number of bits shifted can be from zero (O) throu^ 12?. This information is 

placed in the SECTOR NUMBER and the C, flip-flop. The CCUPLEMENT of the Sector 

Number is placed in the CHARACTER COUNTER during OPERAND lODE - Phase 2. 

The number of additions neeesaary to achieve all ones (l~) in the CHARACTER COUNTER 

is EQUAL T0< the original, MCOMPLEZIENTED, SECTOR NUMBER. 

Since the CHARACTER COUNTER IS only six (6) bits, the total shift available frcxn it 

alone are zero (o) throu^ 63. If a shift in excess of 63 bits is desired we would 

"set" Cj^. 
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C^ ia th«n "reset" the first tine the CHARACTER CODNTER reaches its maximum 
configuration. Sixty-four word times later we would again haire this maximum con- 
figuration WITH C^ - FALSE. We would then terminate the command. 
The original state of Cj^ is determined by the amount of shift specified. 

1 1 - Cg Nj ^ Original shift-in of information 

0°1 - C^ N^ 

The CHAHACTER (XJDNTER increases its magnitude. 




1 41 - G. K' T» - 
1 « 41 



■> Recirculation 



+ G« K I« D« 
1 g 1 o 



^^ComplBBent - Add 



41 - Gi K^ T ^j- 



■^Recirculation 



Wherei 



-»- Complement - Add 



* h ^g ^i K 



If Cj^ were originally TRDEx - 

0^1 - G, K I- T^^ 
1 g 5a 20 

PIMAL TE8MINATI0K FOR ALL SHIFT COMMANDS IS TCy 



l^c - G, K P» I, T^^ C4 
1 g a 3a 220 1 

Traasition is to Phase 1 for one (l) bit-time when we will insert the sign bit, and 
then 
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41 



40 



39 



A - REGISTER 



41 



40 



39 



B - REGISTER 



NORMAL RECIRCULATION 



41 



40 



39 



R - REGISTER 



ONE BIT RIGHT SHIFT 



T 



A - register holds PARTIAL PRODUCT 



O 



B - register holds MULTIPLICAND 



t3 

M 



_ MULTIPLIER BIT 



^ 



o 

00 



MDIfflPLY - MPY - #63 

The MPT conmand causes the Operand, specified by the Channel and Sector portion of 
the oognand, to be MUIfflPLIED by the contents of the A-register. The lesxilt will 

be a serenty-eight (78) bit product. The thirty-nine (59) most siffiificant bits 
of the product will appear in the A-register. The thirty-nine least significant 
bits, of the product, will appear in the R-register. The correct sign will appear 
in the sign position in both A-and R-registers. 
General 

Multiplication of binaiy numbers follows the same pattern as mtiltiplication 
of decimal numbers demonstrated in the examples of Figure 1 (a) and (b). Starting 
at the least significant end, digits of the multiplicand are successively multiplied 
by the least significant digit of the multiplier, and the res\ilt recorded as in 
Figure 1. The process is repeated vising each digit of the multiplier in turn., the 
result at each step being shifted left corresponding to the position of the multiplier 
digit* When all multiplier digits have been exhausted, the results are added together 
to obtain final product* 

Ignoring signs for the moment, let us now consider the operation in terms 
of the computer. The addition process that yields the final product would appear to 
require an adder having 59 inputs, not to. mention temporary storage for 39 words. 
This problem is overcome by performing the addition as the multiplication proceeds, 
obtaining a new "partial preduct" after each multiplier bit is used up. In (c) of 
Figure 1 for example, the least significant mtiltiplier bit (l) times the multiplicand 
(1010) yields the first partial product (lOlO). 

The second least significant multiplier bit (O) times the multiplicand (lOlO) yields 
the quantity 0000 which is shifted one bit left. We then add to the first partial 
product to obtain the second partial product (OIOIO). In general, the n least 
significant miatiplier bit times the multiplicand is shifted and added to the (n-l)*^ 
partial product. The sum is the n partial product. When finally n becomes equal 
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to the number of bits in the multiplier, the n*^ partial product is the final 

product and the multiplication process is completed. 

la the example shown, the multiplier (llOl) has four bits; hence the 

fourth partial product iS the final product. 

(a) (b) (c) 

Deoinal Binary Binary with Partial Products 

10 1010 1010 Multiplicand (B-register} 

li 1101 1101 Multiplier (R-register) 

50 1010 01010 First P.P. (A-register) 

10 0000 00000 

130 1010 001010 Second P.P. 

1010 01010 

10000010 0110010 Third P.P. 

01010 



lOOG 0010 Fourth P.P. - Pinal Product 



Most 
Significant 



Less 
Significant 



(A-reg.) (R-reg.) 

Multiplication Example (Assuming a 4 bit register) 
Figure 1 

Several things may be observed from the example above. A "1" or "0" 
multiplier bit times the miatiplioand yields the multiplicand itself or a string of 
O's respectively. This means that a PABTIAL PRODUCT IS FORMED BY EITHER ADDING OR 
HOT ADDUB THE SHIFTED MULTIPLICAND TO THE PREVIOUS PABTIAL PRODUCT. 

In RECOMP this addition is performed by the same "adder" that is used for the 
ADD and SUB commands. The option of adding or not adding the B -register to the 
A-register is provided by flip-flop Rl. Rl gates Bl into the adder and mi»t there- 
fore contain the applicable multiplier bit. THIS IS ACCOMPLISHED BY INITIALLY PLACING 
THE mmPIPLIER IN THE R-REGEiaPER AND SUBSE^PMTLY SHIFTING IT ONE BIT TO THE RIGHT 
BEFORE PERFORMING EACH ADDITION. 

Note also that the length of the partial product starts at one word and iaoreasen 

until it becomes two words long as the final product. This appears to indicate another 

arithmetic regiatar is required. Once a multiplier bit has peirformed its function 

it is no longer needed, and may therefore be discarded to make room for an additional 

partial product bit. 
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The next least significant partial product bit is then right shifted out of A 
and into R, and a multiplier bit is discarded from R. Finally the final double- 
length product occupies the entire A-and R- registers. 



MPy - #63 - Dg D^ D^ D^ D^ Dj [ 



MPy is a Type #3 command. The operand mode is teiminated after the operand 
(multiplier) is read into the B-register during Phase 3. 

OPERAND MODE PHASES REVIEW 

Phase 1 - Sense Address. 

Load D & C with MINDEXED configuration 
Phase 2 - Load C-register and Character counter with INDEXED configuration 
- Reload D-register 
Seairch for & READ sector agreement. 

Phase 3 - Gate OPERAND into the B-iegister. 

Transition from OPERAND - Phase 3 is to the DIREOTION MODE - Phase 2 



0-^1 - N 



11 

°''° ■ ^1 ^o ^41 
l-'-5a - N^^ D^ 



%1 = h h \ ^0 



during Phase 2 there are several functions that must be perfonned. 
!• The contents of the A-ragisterare placed in the R-register. 

The A-register is cleared to zero. 

The B-register must be recirculated. 

The algebraic sign of the PRODUCT is detemined and stored. 

C(A) v-R 



2. 
3. 
4. 



(1) 



.R 



1 41 - A2 J^ I^ 

oV . A' 1^ I2 T'^ 
iV . R^, d; T.^ ^ 
oV - R.^ D' T'^ ^ 



h " '3a ^5 n ^3 
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R^-^ copies Ag forcing the L.S.B. of the A-register to be entered into 
R, at the end of the word time. 



ililiiVlJ^ 



1 40 = A^^ I^ 



40 = AJ, I^ 



Zero the A-register 



(5) 



1 41 - B, 13^ D^ 



41 » B. 13^ B^ 



->■ Recirculate B 



(4) 



Sense "sign" of the PRODUCT 



1 2 - U^ T^ D^ ^ 



-(Assume sign to be POSITIVE) 



2 = Ui D5 D- D2 A40 B'o T2 
+ Uj^ D5 D- U2 A. B^ T^^ 



Transition is now made to EXECUTE MODE - Phase 2 

0^2 - NR, D' K 
3 4 _o 



-^ (Reset C„ if signs are opposite. 

opposite signs give negative 
Product) 



NR3 - I. I. 



o o 41 



We will remain in Phase 2 for thirty-nine (59 WORD TIMES) while the actual MUIIPIPLICA- 
TION is taking place, 

Dxrring each word-time of Phase 2 we will either Add the MUIfflPLICAND to the previous 
partial product and shift the L.S.B. into the M.S.B. of the R-register, IP THE 
MUIfflPLIER WAS A ONE (l); or we will simply shift (WITH NO ADDITION) the L.S.B. into 
the M.S.B. of the R-register. T 



41 



j40 J 3? ] 



A-REGISTEE 



^ (NORMAL RECIRCUUTION)-j 

41 I 40"! 59 X _B^GISTSF"^ I 2 [^1 




._ _J L 



PARTIAL PRODUCT - A-register 



T suii 



r -|0NE BIT RI GOT SHIFTh ^ 

41 1 ~4d X^~39 •[ R-REGIST^~~'f2 X"l] 



MULTIPLICAHT (b -register) 

MULTIPLIE.l - U-register 
(iflJLTIPLKR bit) 
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In practice the Multiplication Seqwnce proceeds: - 

(1) The B-regi3ter (MDLTIPLICAND) recirculates normallor for the entire 
39 word-times. 

(2) "S" flip-flop (and accompanying logic) is used in the same manner 
as during the "ADD or SUBTHACT" commands. 

(5) %, which holds the MDIfflPLIER-BIT , is used to activate or inhibit the 
"adder". If the multiplier bit is a one (l) we add "B" to "A". If 
the multiplier bit is a zero (o) the "adder" is inhibited and 
we effectively ADD "ZEROS" to the A-xegister. A^ receives the "SUM 
(Partial Product) information from the S-flip-flop. 

(4) When the A-register receives the "partial product" (Sum) from the S- 
f lip-flop, it is via A^^. This has the effect of shifting the 
"Partial Product" CNE BIT TO THE RIGHT each woixi-time. The least 
significant bit of the partial product is shifted out of A. and into 

^40* 

(5) Each word-time the R-register recirculates R^ to R„. This causes 

2 41 

the R-register to shift one bit to the right each word time. The 
M.S.B. is constantly supplied by A2 at T^, The L.S.B. is shifted 
into R^ at T^j^, to be used as the multiplier bit during the next word 
time. 

(6) TeiMination is detected by the Character Counter (Left or Ri^t 
Character counter depending on the command, Left or Right, being 
executed.) 

The "complement" of 39 is forced into the expropriate counter. 
The Character counter then counts UP until its configuration is all 
binary ones. (This will take 39 word times). This configuration is 
detected and termination occurs. 
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(la) B-regiater recirculation* 

^'41 . B, 13^ D^ 

0^1 - B. 13^ B^ 



(2a) S flip-flop addition logic 

Copy Logic ■ R' 

1^ - R„„ K I^- + A, B' K« I, + B, R-, K' I^ 
00 a 3a 1 1 a 3a 1 ^01 a 3a 



+ S I, K + R.- I^^ + S,T K 
00 jB. a 10 3a 11 a 



° 'hohh^*hH''.h.*h''oihh^ 



Copy Logic - R' 



^R K' I, + S 



K + S,, K« T' 



00 a 3a 00 5a a 11 a 4I 



WHEREt - 



l^a . S,, D^ T.^ Dg 



»oi - M h 



%o ' M ^i '^i 



^10 - ^1 4 



^00 - K H ^i 



S., » A, B, R- I^ 
11 1 1 1 3a 



a - I T., + S^ K D, I, 
3a 41 00 a 1 3a 



+ R_ D, I, K 
. 00 1 3a a 



K. remains PRIME WHEIN R, is PRIME, 
a 1 



(3a) R^ copies Rp at T., only 



11 - R, 



"1^41 



° ^ ■ ^3a ^ T40 ^6 



->-(0N at T, time) 
(OFF at T.j^ time) 



The L.S.B, is in Rg at T.^^ each word-time. If it is a ONE (l) we can "set" R, . 
If it is a zero (o) we will leave (or "reset") R^ prime. 



(4a) 



A,Q receives the "Partial Product". 



1^9 - S Mg^ T- 



/ 



0^9 



S' U^ T. 



M " D' D' D I T' 
"SR ^4 3 1 3a ^2 
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While k.Q monitors the cany P.P. K 

Ao-K^M^p; 

O^O.K-M^p; 



Note: - The Addition of bits A ^ and B ^ read back into A,g at T... A.- copies 

the final (for that word -time) CARRY indication from K at T,, time). 

^ . _._ a 4-'- 



Sinoe the CARRY DOES BELCWG to the Partial Product, aa the M.S.B., it is affixed 
to the A-register magnitude as it shifts toward the "adder". 
I^^.A^qT, 

0^9 . A'o T^ 

(Note: - At T,, S contains irrelevant information) 



(5a) R-register recirculation with a ONE-BIT RIGHT SHIFT is from R- to R,, 

2 41 



0^1 - R^ M^ 4 T', 



»^SD - h ^i ^^ \ he. 



At the end, T., , of the first word -time of Phase 2, the A.^. bit would be going into 



.^^, ^. „„« ..x«„ ™v,.vx-vx..c V.X .i„X=^ ^, ..xe il^Q 



A55. 



The L.S.B. of the Partial -Product would be reading out of A„ and going into the now 

vacated R.« 
40 

Ao-A^M^T^^ 
0^0 . A. K^ T^, I. 



The L.S.B. of the R-register (originally R_) is reading out of R„ at T.,. We place 
it in R^ to be used as the new MULTIPLIER -BIT. 
ih - R2 Mj^ T^^ 
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(6a) The complement (l—) of thirty-nine (39) waa forced into the 

appropriate CHARACTER COUNTER dviring OPERAND MODE - Phase 3 
1^41 - D^ Kg T^ P^ - T,3 

0^41 - D^ K^ P5 P4 P3 P2 . Tl5 
*^o^g^^6-^20 

i""^ - ^0 ^i !i4'^ * % ^ !m'V^ 

O^g . T20 -H Gi Kg li D; 



The Character coimter then counts UP via 



1 41 - G, K' T« + G' K I' D' 
lg41 Iglo 

0^41 - di K« T* + G, K I' D' 
lg41 Iglo 



Where 



g - G' Kg I- d; 



TERMINATION OCCURS WHEN 



A - G, K P' I, T.- C« 
1 g a 3a 20 1 

0^1 - M^ Tj^ 



Where 



K = Reset - G' K I' D' 
g Iglo 



K 



NQTESi A zero in G, would g before T„„ causing 



then 



^g ** ^20* -^^ °20 ^® "°* * "■•■" ^* "^20 



Ql - True 



^1 - 4 ^41 
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H3-CH-21 



DIVIDE #66 



41 



40 



39 



A-Register 



I 



\J' 



15: 




HM 



K„ 



R 



43 



R 



42 



41 



40 



39 



R-Register 



t_I 



{ 



n 



41 



40 



39 



B -Register 



LOGIC 



Divide Command (HilV) 
General 

Division in binaiy, as in decimal, may be performed by successive 
subtraction of the divisor, properly positioned, from the full and reduced 
dividends. 



LINE 1 


147 


Pull dividend 




2 


" 11 


Divisor 




3 
4 


037 
* 11 


No overborrow, .*. ql » 1 


DBCBC/LL EXAMPLE 


5 


927 


Overborrow, ,*. ql » 1 


PIGUBE A 


6 


" 11 






7 


037 


Restore reduced dividend 




8 


11 


Shift divisor 




9 . 

10 


026 
11 


No overborrow, .*. q2 = 1 

No overborrow, . , q2 - 2 

• 

No overborrow, .*. Q2 = 3 




11_ 

12 


015 
11 




13. 
14 


004 
11 




15. 
16 


993 
11 


Overborrow, .', q2 - 3 





17 



004 



Restore Remainder 



Quotient = 13, Remainder - 4 
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In the deoinal exeuqsle, Figure A, the two digit divisor, (11), is first 
eubtraoted froa the two nost significant dividend digits (I4), in order ta 
obtain the •most signifioant (tens) digit of the quotient. This quotient digit, 
is equal to the nmiber of subtractions possible before an overborrow occurs , 
then an ovezborrow occurs, (Line #3), the reduced dividend, is restored by 
adding the divisor, (Line #6), back in again. The divisor is then shifted one 
digit rij^t and the same process is repeated to obtain the next most significant 
digit* This will be the least sigificant digit. The entire quotient, I5, has 
now been found OO4, is the remainder. Note that 9 subtractions is the maximum 
required to obtain a given quotient digit. 

The same operation is performed in binary as illustrated in Figure B. 
Qnotient bits obtained in descending order of significance are or 1 according 
to "riiether subtraction of the divisor did or did not cause an overborrow. If 
overborrow occurs, restoration of the reduced dividend is again achieved by 
adding back the divisor. Note that a single subtraction is required to determine 
a given quotient bit in binary as against 9 in decimal. This method requires 
as many subtractions as there are (^S (l) quotient bits and as many additions as 
there are zero (O) quotient bits. 

An improvement of the previous method yields the so-called Von Neumann 
division that is closest to that used in RECOMP III and illustrated in Figure C. 

In the previous method an overborrow requires addition to restore the reduced 
dividend, followed by subtraction of the right shifted divisor. Clearly, this 
two-step operation is equivalent to a single addition of the shifted divisor 
(compare line #7 of Figure B with Line #5 of figure 6). 

In the Von Neumann process, this technique is used to obtain each quotient bit 
as a result of a single addition or subtraction. This will depend upon the operation 
performed and the existence of an overborrow or overcarry. 

RECCMP III actually uses a modified format of the Illustrated Von Neumann process. 
This modified method is shown in the following table. Pour distinct cases must be 
considered and are summarized in the table following. 

2a 



LINE 1 


10010011 


2 


10110000 


3 


11100011 


4 


■•"loiioooo 


5 


10010011 


6 


"OlOllOOO 


7 


00111011 


8 


"OOlOllOO 


9 


11111001 


10 


*00010110 


11 


00001111 


12 


"OOOOlOll 


15 


00000100 



Pull dividend 

Divisor 

Overborrow, .*. ql « 

Add 

Restore dividend 

Shift divisor 

No overborrow, ,*. q2 •« 1 

Shift divisor 

Overborrow, ,*. q4 ■ 

Restore reduced dividend 

Shift divisor 

No overborrow, .'. q5 » 1 



FIGURE B 



Quotient - 1101, Remainder 
Binaiy - Restore 



100 



LIME 1 


10010011 


Pull Dividend 


2 


10110000 


Divisor 


3 


11100011 


Overborrow, ,*, ql « and add 


4 


■^01011000 


Shift divisor 


5 


00111011 


Overcany, .-. q2 » 1 and subt. ^^^^ ^ 


6 


"OOlOllOO 


Shift divisor 


7 


00001111 


No overborrow, .*, q3 = 1 and subt. 


fl 


"00010110 


Shift divisor 


9 


11111001 

+ 
OOOOlOll 


Overborrow, .*. q4 » and add 


10 


Shift divisor 


11 


00000100 


Overcany, .*. q5 » 1 



Quotient » 1101, Remainder - 100 
Von Neumann Method - Non Restore 
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Rules for Modified Von Neumann Division as performed in HECCMP III 



^SmT" PrtTloua Cany (or) Present v^;^ Quotient ' 

Opermtion Borrow (A^) cany (or) Operation Bit la 



Borrow (K ) 
a 



JSUBTRACT 
jSUBTBACT 

initios 



jiBD] 



XO 
YES 
NO 
YBS 



YES 


ADD 





K/A 


SUB 


1 


N/A 


ADD 





YES 


SUB 


iH 



In order to perform this division in RECOMP, several things must be 

considered. We must provide for a possible double length dividend at the 

start. The A-and R- registers fulfill this requirement. Also, the computer 

must be capable of performing both addition and subtraction of the divisor in 

B upon the full or reduced dividend in A. The adder-subtractor logic previously 

described is used, WITH FLIP-FLOP Dl TRUE FOR ADDITION AND FALSE FOR SUBTRACTION. 

Note from the example, of Figure C, that the divisor is shifted right for each 

operation. In the computer it is more convenient to maintain the original 

orientation of the divisor by recirculating- R and then left-shift the reduced 

dividend in A and R instead. As each new quotient bit is determined, it is 

written in the lowest order bit position of the R-register. Simultaneously, 

another dividend bit (if doiible length) is transferred from R to A while the 

leading A- register bit no longer needed, is dropped. 

Divide Command (Code 66) 

The command DF/. causes the contents of the A and R registers, (the 59 most 

significant bits of the dividend being in A and the 59 lease significant bits of 
the dividend in R,) TO BE DIVIDED BY THE CONTENTS OF MEIrfORlf LOCATION M. The un- 
rounded quotient appears in A and the remainder in R. The sign of the R register 
is the same as the original sign of the A register. 
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DIVIDE - #66 - D. D. D' D^ D^ D' 
054321 

Divide i(66 is a type #3 oonnnand. We will remain in the OPBRAND MODE 
' trntil the Operand is gated out of the Memoiy location and into thB B-register. 

OPERiND MODE - Phase review 
Phase 1 - Sense Address 

Load D and C registers with UNINDEXED configuration. 
Phase 2 - Load C register and character counter with INDEXED configuration 
Reload D-register 

Search for and read Sector Agreement. 
Phase 5 - Gate operand into the B-register, 



The transition from the OPERAND MODE - Phase 5 is to the DIRECTION MODE - Phase 2, 



0^1 . N,, 



^''^ - ^1 ^0 ^1 



!ll " ^2 ^1 \ ^0 



and 1^3a - N^^ Dg 



I During Phase 2 there are several functions that must be performed. 

(1) The C(b) is SUBTRACTED from the C(A) 

(2) The DIPPEHENCE is returned to the A-reglster via A^^^. This causes a 
ONE (1) BIT LEFT SHIFT. 

(3) "S" flip-flop is the SDM/dIPFERENCE element. 

(3a) Rj^ is the GATING flip-flop for addition or subtraction. 

(4) The SIGN of the Quotient is sensed and stored. 

(5) The B-register is gated into the Subtracter and reciixwlated normally. 

(6) R-register recirculation is via R _ copying R . This causes a 
ONE (1) BIT LEFT SHIFT. 

(7) Set Jq if A > B. 
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(la) 



Where t 



C(b) is Subtracted from C(a) 

*'l ^ ^a 13a * foo he. ^a 
*!lO ^; Ija * ^ K^ 

°^ ■ ^n« K 1^0 + Ai B' K' I, 
00 a 3a T. 1 a 3a 

*^1 !ol ^a he. * foo h^ K 
"■ho \ hs. * ^11 K '^il 



!oo - ^i »! % 
ho " ^1 R{ 



^1 - H \ 



hl-hh h he. 



^ * - ^1 !ol ^3a "^il °5 ^i 
^""^ ■ ha ^41 * ^1 ^i H h^ 

^ !lO 4 13a 



(2a) The DIPPEHENCE is returned to the A-register via A 



1 41 - S T« D' M , 
1 o al 

0^41 - S« D' M , 
o si 

The OTE-BIT DELAY IN "S" CAUSES A ONE-BIT LEFT SHIPP 
IN THE A-RE GiaPER. ^ _ 

(3a) R^ is the Gating flip-flop for the Subtracter 

ih . Mg D' T^ + M2 D^ T^ r- 



° ^ - 13a ^40 ^6 % 

R, will be TRUE from T„ > T,« 

•*■ «f ' 40 



41 

r^ " ^4 ^3 '5a ^i 

Q 

where 4 - NR, T^ D 



M, 



^3a "5 °i "5 
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(4a) The SIG3J of the Quotient is sensed and stored by C 

1^2 - U^ T^ Dg 
0°2 - Ui D5 D. D^ A40 B'o T^ 

(5a) B-register recirculation 



0^41 - B' I,^ D, 



'5a "2 

The B-reglster will recirculate for the entire command. 
(6a) The R-register recirculates via R. to R., 

0^5 - R^ 13^ 

1 42 » R M T» T' n 
^ ^"^ "45 !!al 41 1 6 

0^42 « R' M , T' D. 
45 _sl 1 6 

1^41 = R.o M , D^ D' 
42 si 6 o 

0^41 - R' M T D, D« 
42 si 6 o 

The recirculation of the R-register between n_ and R., causes a 0M5 (l) 
BIT LEFT SHIPT. 



Terminate DIRECTION MODE - Phase 2 by 

0^2 - NR, K D' 
5 o 4 



ENTER EXECOTE MODE - Phase 2 
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(7a) Set overflow P.P. if OIvn)ENr>' DIVISOR at let word, time of Phase ? 



1 a M_ K' I T a no overborrow - A ^B 



To summarize what we have accomplished during: the DIRPICTTIOK MODE - Phase 2 

(1) The B-regl8ter was subtracted from the A- register. 

(2) The difference was placed into A^ from S. This caused a ONK- BIT 
LEFT SHUT of the A-register partial quotient. The B-register was 
recirculated normally, 

(5) Rj^ was used as a Gating term for the subtracter. 

(4) R-re/?ister recirculation was from R to R . This caused a ONE (l) 
BIT LEPT SHIPT. The M.S.B. is in R^j^ at the end of the word time 
(left shift causes previous C(r^) to be shifted to R ,). 

(5) The SiGfN of the quotient was sensed and stored in C , 

(6) Terminate Direction ftole - Phase 2 in favor of the E)CECUTE MODE - 
Phase 2. 



The EXECOTE MODE - Phase 2 will be maintained for thirty-nine (59) word times. 

Dur in #;■ these 59 word-times the Von Neumann Division process will take place. 
The functions are: - 

(1) Transfer the M.S.B. of the R-register to the L.S.B. position of the 
A-register. 

(2) Continue shift into A^ of the SOTVdIFPERENCE operations of S. 

(3) "Set" or "Reset" D^ when a carry or borrow is detected, D. will 
indicate if the next operation is addition or subtraction, 

(4) Set R^2 'i*^ *h® appropriate "Quotient" Bit. The "Quotient" Bit is 
derived from D.. 

(5) Terminate Phase 2 after 39 word times. 
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(la) The M.S.B. of the R-register is transferred to the L.S.B. position 

of the A-register each word-time. The M.S.B, of the A-register 
is discarded. The shift of the double - length DIVIDED (in A and 
R-registers) has the same effect as shifting the DIVISOR. . (illustra- 
ted in Figure C.) 

A - R4I J^ I. D' FM' T^ 

If R^^ were False a zero (o) would have been placed in A^ at T via 

41 - I' T^ F^ which shifted a zero (O) into A, at T 

. „ J- 41 

Since 1^1 - Aj D' T{ I' A^ copies A^ at T[ 

0^ m A' D' T4 I' *^® previously placed zero (o) will 

2 o 1 2 

remain unless R,, is true, 
41 

(2a) Continue shift-in to A^^ of the SUM/dIPFERENCE operations of S. 



(3a) 



1^41 - U, D' T' S 
31 O 1 

0^41 » M , D' D' S' 

Bl O 



Set" or "Reset" B^ for Carry-Borrow TRUE or FALSE respectively. 



ih - A. K^ M2 T4, 



!!2 ■ Sa ^5 ^4 ^5 



If we are Aoing Subtraction (Dp and had NO CVERBCKROW in the previous subtraction ; 
and we h ave one now ; we change to addition. (Set D, ), If we had a previous 
OyERBCEROy we continue subtraction. 



If we are doing Addition (Dj^) and had no previous cnTERCARilY, we continue with 
addition. IF we ^A a previous OVERCARRY; |md we have one now ; we change to 
subtraction (Reset D,) 
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(4a) The correct "QUOTIENT" bit ia forced into R^^ (Consider 7on Neumann 

Table) 

n 

1 42 » D| M^ D^ I^ T^ - If Subtraction is next 

R 

42 = D^ M^ I^ T^ = If Addition is next 
This Quotient bit will be placed in R^ at the end of the word -time. 
It will then be left shifted each word time with each succeeding quotient 
bit being placed in R.. 

The M.S.B. of R is going to the L.S.B. of A . 
The M.S.B. of A is discarded. 

This process continues for thirty-nine (39) word times. 
At the end of thirgy-nine (39) word times the QUOTIENT is in "R" and the 
REaiAINDER is in "A". 
Phase 2 is now terminated. 

Termination is detected by thf? CHARACTER COUHTKR. 
The "complement" of thirty-nine (39) was forced into the appropriate character 

/* rtlTn +■ A "t^ j4-ii-m-{ « rt. nplTO «>,T'^, T.mT^LT* "Til- ^ -- - T 

Uv^uiv wU^ V4.M.J. xi4^ y^riM-iOMt u jnv'i'i:; — rxittat? ^ » 

l'41 = D^ K^ T^_^ p. D^ = T^3 or T33 
0^41 =. D^ K^ P5 P, P- P, = T^5 or T33 

^ ^0 \ h.O \ " ^20 °^ ^40 

The Character Counter then counts up until its configuration is all binaiy 
ones (1-) 

1^41 - G, K' T' + G' K I' D« 
1 g 41 1 g 1 o 

oV - 0' K« T' + G^ K I' D' 
1 g 41 1 g 1 o 



where: 



K 
0- g - T , + (}\ K I< D' 
<?U 1 g 1 o 
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Phase 2 tenaination than occurs by 



1^0 - M- C' K 
2 1 o 



Transition is to Fh«M 3. 



During Phass 3 

At T^ of Phase 3 we have 



NOTE I 



(1) The QTOPIHTP bits in the R-register 

(2) The LEAST SIGNIPICiHT QTJOTIHJT BIT in B 



(3) The HEaiAINDER is A, ^ A., 

3 41 

(4) The SIGW in C« 



'42 



Check org » Logic ■ 

G[ K^ 1^ D^ detects a zero (O) 

in the character counter. 



K « No zeros 
G, - No zeros 
TgQ - End of character counter. 



During Phase 3 we must 

(1) Gate the Quotient into the A-register 

(2) Place the correct RFMATNIER in the R-register. 

(3) Place correct SIGN in A„ and R,, 

41 41 

(4) Terminate after one-word time 

(la) Gating of the QUOTIiMT into the A-register 

At Tj^, R holds the least significant Quotient bit. 



1^42 - D' Dg J^ I . T^ 



0^42 - H^ Mg IJ T^ 



at the same tiae R is receiving the 2nd LEAST SIC»IPICANT Quotient bit. 



43 

1^43 - R I T' 
^^ 2 '•52 ^41 



0«43 . R' I3, 



AND 
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Because R., steurts its copy of Rg at T^^ and R.g reoeives its information at 
Tj^, tbB Qiootient shift into the A-register from bits 2 through 40 will get 
the information into A in the correct positions. 
(2a) At T^ the remainder is in the A-register 

If Dj_ » TRUE - ADDITION - REMAINDER MUST BE DECOMPLEMIM'ED 
If Dj_ - FALSE • SUBTRACTION = REMAINDER is O.K. 

For J}^ - TRUE A-and B-registers are Added. 



■D 

1 1 for Adder Logic 

A - M^ D, T, 



0^ 



I,^ D_ Dg T.Q (Every woid time) 



because the A-register is LEFT SHIFTED ONE-BIT we exclude A^ from the 
ri^t shift logic into A,. 

1^ . A3 M^ D^ 

O^l.A. M^D^ 

The rest of the register shifts normally. 
The output of S is then copied by B..^ 



1^40 - S M_ D^ 
d 

0^40 - S' M^ D 
^ o 
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The result of the Decomplement (j)^) or the regular copy (D») is written 
into R as the correct remainder. 



The signs are forced into A 



■41 






The R-register will have the same sign as the original si^ of A, 
p 
^ ^^ " *41 ^2 ^2 "^1 (deposited in R^ at T.^) 

0^42 = I. T 
4 _n_ 

The R-register was originally reset. 

It is set positive if the sign of A is positive and shifted left until it 

arrives in R.^^ at T^ of Phase 3. 



Termination occm-s 



.K 



T .-> ™ n V t?* T -? rt 



F! I 



X C » U, A t\ X, lnr\ ^i 



1 ''g'a ^5a '20 "-i 



ri - I. K^^ 
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RND - #17.4 

The END ccmmand causes the magnitude of the A-register to be increased by ONE (l), 
IF THE MOST SIGNIFICANT BIT OF THE R-REGISTER IS A ONE (l) . 

If "OVERFLOW" occurs in the A-register the overflow indicator is turned W, 

If the "most significant bit" of the R-register is zero (O) the command is processed 
without performing any operation. 

END - #17.4 - D^ B^ D^ Dj D^ ^1 °6 



is a TYPE jf 1 CCftlMAND 



Review OPERAND MODE for TYPE #1 COMMANDS. 

Phase It - 

1, Gate the C(b) into the Z-register. 

2. Gate the UNINDEXED Channel Ntaaber and Sector number into the 
C-registor and Character counter} respectively. Load the 
D-register. 

5. Analyze the Address. 
4. Terminate after ONE WORD-TIME. 
Transition is ALiVAYS TO THE DIRECTION MODE - Phase 2 



Direction Mode - Phase 2 
Entered viat - 



0^1 - ^ D^ D4 T41 
O^c . IJ Ii K^ 



Phase 2 is maintained for ONE BIT-TIME 



l*"c - U. D.„ T, F« 
_i J22 l a 



^'^^2 



1. 



at Tj^ we check the MSB of the R-register 



°2-Rioi^Ti 



NRq - D^ D' D3 D^ Cg 



I, - I' I' D' I« 
_2 4 1 3a 



If R.Q iB a zero (O) we "BESET" D- 



I^^ is also "Set" at T^ 

..... ^''"liij'i 



And Cj i* "Set" at T^. C^ will hold the "SIGN" bit. 



12 - V^ T^ Dg 



Transition is now to Phase 1. 

The A-register is either increased by OWE (l), or it is recirculated! 
1 41 - A^ D^ D^ I^ T^- f( Recirculation - D^) 

*M 13a H ^2 ^3 h '^41 S-CCompleaent-Add) 

0^1 . Ai D- p; I. . ^(Recirculation - D') 

■*"^1 ^3a H ^ ^3 ^1 T^i >(Complement-Add) 



The "CQMPLEME.T-ADDITIQ." Logic will beco„« FALSE when a ZERO (o) is xead out from 



0^2 . Ai 13^ NR3 



and the remaining portion of the A-reglster is recirculated. 



2. 



The "SIGN" is placed in Cp via: 



12 - \ T^ Dg 



^^-Aio^T^D^D^D, 



And copied by A., at T^, 



^ 4^ - ^2 l3ai 



^''^l - C^ Ij^ K^ 



If the A-register ahould "overflow" we would still have 3 at T 

2 41 



the A-repriater 



would have to be ALL ONES (1} 



we would turn on: - 



^°-^2l3a^'^41 
And terminate the command via: 



3. 



CMP- #17.0 

The CaiP- #17 command causes the contents of the A-re^ster to be replaced 
by its COMPLMENT, ONES (l®) COMPLEMENT , INCLUDING THE SIGN. 

CMP - #17 - D^ D^ D^ D3 D2 D^ C^ 
CMP is a TYPE #1 command. 
Review OPERAND MDDE FOR TYPE #1 COMMANDS 

1. Gate C(b) into the Z-register 

2. Gate channel and operation code configuration into the C-and D- 
registers respectively. (DNINDEXED CONPIGDRATION) 

5« Analyze address 

4. Terminate after ONE WORD-TDE. Transition is to the DIRECTION MODE 
Phase 2. 



Direction Mode - Phase 2, 
Entered viai - 

°'l -5. "^''4 ''41 
and terminated after ONE BIT -TIME with transition to Phase 1. 



1^^ - NR, D. T^ F' 
____J 4 1a 



Phase 1: - 



During Phase 1 the COMPLEMENTING of the A-re^rister, including the SIGN U 
accomplished. 



^""41 - Ai I3, D^ D^ D3 D, T., ( 



^''^l - A, I^^ D^ D^ B^ D^ -p,^ 
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l'3a - 0, D^ T^ 



0^5a . K^^ 
^ " °5 ^2 



The COMPLEMENT of the SIGN is placed in A,, via: - 

41 



1^41 'C^Ij.K^ 



°^4^ - ''2 he. ^41 



A.J obviously copies C^ at T.^. The correct sign was placed in C_ by 



1*^2 - Uj f^ D^ (Initially "set" position) 



0*^2 - A40I2 V ^6 ^5 ^ \ '6 

(Force C„ - prime if sign of "A" was positive) 
Terminate at the end of the word time - 



I'l - H ;^ 
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TRANSFER COMMANDS 

TRA - #51, TIX - #10, TLB - #15, TZE - #50, TNZ - 11, TOV - #52, TMI - #53, 
TPL -#55, HTR -#71 

TRA - #51* Transfers control of the program to the conunand specified by the 

address configuration. Transfer may be to either "left" or "right" 
hand command. Transfer is IiN CONDITIONAL. 

HTR - #71: Will cause computer operations to HALT, while placing the specified 
address configuration in the LOCATION COUNTER. This address con- 
figuration is also displayed on the CONTROL CONSOLE NEONS. This 
command io TINCONDTTIONAL. 

TIX - #10, TLB - #15, TZE - #50, TNZ - #11, TOV - #52, TMI - #53 and TPL - #55. 
are all CONDITIONAL TRANSFERS. Transfer will occur only if the 
specific conditions are met. If conditions are not met the commands 
will have the same effect as a "No Operation". 

TIX - #10s Decrement the INDEX REGISTER by one (l) (actually Add a one (l) to 

the COMPLEMiNTED (INDEX configuration) IF the INDEX-register WAS NOT 
ZERO or IS NOT NOW ZERO transfer control of the program to the 
command specified by the address. TIX MUST BE A LEFT-HAND COMMAND. 

TLB - #15: If the LEAST SICSNIFICANT BIT of the A-register is a one (l) the 

computer TRANSFERS control of the program to the command specified 
by the address. 
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TZE - #50: If the contents of the A-register IS EQUAL TO ZERO (plus or minus) 

the computer TRANSFERS control of the program to the command 
_ apeqified by the address. 

TNZ - #11: If the contents of the A-register IS NOT EQUAL TO ZERO, the computer 
TRANSFERS control of the program to the command specified by the 
__ -. address. 

TOV - #52: If the OVERFLOW Indicator is "ON", TURN IT "OFF". The computer then 
TRANSFERS control of the program to the command specified by the 

TMI - #53i If the SIGN of the A-register is NEGATIVE, the computer TBAHSPEHS 
_^ control of the program to the command specified by the address, 

TPL - #55« If the SIGN of the A-register is POSITIVE, the computer TRANSFERS 
^ aQ.nt?Pl,9.l'...the program to the command specified by the address. 



TRA - #51 - 
TIX - #10 - 
TLB - #15 - 
TZE - #50 - 
TNZ - #11 - 
TOV - #52 - 
TMI - #55 - 
TPL - #55 » 
HTR - #71 - 



°6 


°5 


\ 




°2 


^1 ' 


V 


^^ 


"5 


"a 


! ■ 

: "5 


°^ 


^i 


TYPE - #1 
C 


°6 


"5 


"i 


, "s 


°2 


^1 



M 
M 


^6 


"5 

»5 


"4 
°4 


"3 
°3 




^1 


A 

N 
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"5 


"4 


^3 


°2 


^i 
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"5 


"4 


^3 


^2 


h 
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"^ 


"4 


^5 
^3 


°2 


h 

\ 


' 




'5 


"4 




"6 




' TYPE - #3 
' COMMAND 



2. 



Review of OPERAND MODE for TYPES # 1 and #5 commands. 

Phase 1. Gate C(b) into the Z-re^ister (can be INDEXi'lD) 

Gate Channel and Operation code configurations into the 
C and D registers respectively. Analyze address and 
terminate after ONE-WORD TIME. 

Phase 2. Gate INDEXED configuration into the C-register and CHARACTER 
counter from the Z-register. (Channel and Sector numbers 
respectively). Reload D-register. Search for and achieve 
SECTOR AGREEMENT. 

Phase 3. Gate C(W) into the B-register. Terminate after ONE-WORD TIME, 

DURING OPERAND MODE - Phase li 

All "Conditional Transfer Commands" are checked for "condition-met" the 
OPERATION CODE WILL BE CHANGED TO A UNCONDITIONAL TRANSFER #51 - configuration. 
The command would then be processed as a regular TRA. (TIX - #10 Is the single 
exception). 



TZE - #50 - D^ D« D^ D« D^ D' - Transfer on ZERO. 



The A-register is recirculated during Phase 1 



1"41 - Aj I^ Tj 



0''41 - A^ I^ 



So monitors the A, output. 



O^o = T 



41 



1 o - At I K T' T« 
1 n c 41 1 



If S^ = True at T^^ » the A-register must have been zeros. 



''' ■ 'o i ^1 !!^ ^^ i » °6 ^5 ^^4 '5 



3. 



TNZ - #11 - D^ p. D^ pt p. p^ - Trajisf er on HOT ZEBoJ 



The condition of S is detected at T 

o 41 

Sq - True at T^^^ - A-re^ster must have a one (l) in it. 



^''^ - ^o in ^41 ^5^ ^1 



t - ^ '2 



TMI > #53 - Dg D^ P^ pj p^ p^ , Tra^isfer on Minus signT 



A.^ is monitored at T ^^ (Sign Bit) 



^^-Mi^T^^^ r^-D^I^. P^p. 






TPL - #55 . Pg pi p D D^ p . Transfer on Plus si/?n. ( 



Aj^is monitored at T.^^ (Sign Bit) 






5 - Aj^ I^ T,T P^ P^ p 



I "^^^ - #32 - Dg D^ P^ P^ Pg pt , Trajisfer on OVEfiFLOW 



If Jq - True 



1 1 - J, M^ D^ I^ T4, 

"""^^ " i ^1 !!i "^2 ^i 



JtLB ."#13 . D^ p> p^ p^ p. D^ . Transfer if L.S.3. - 1 \ 

The L.S.B. of the A-register reads out of A at T 

5 41 

'^''^ " ^3 5i ^41 °6 ^5 !l2 



^ ^ " ^o 5i "^41 °5 ^ [Sq - A-register has a one (l) in itj 



We can now see that if "conditions are met" the Operation Code changes to 
TRA - #51 - Dg D^ D^ Dj D^ D^ 

TZE - #50 - Dg D' D^ D^ D^ D| 



11 - S' I T 



; ^n ^1 S ^2 



h ^ ^3 °^ ^1 



TNZ - #11 - D^ D^ D^ Dj D^ D^^ 



1 6 - S^ I T., D' D,„ D, 
o n 41 5 42 1 



DgD' Dj D' D^ 



TMI - #53 - Dg D^ D^ D^ Dg Dj_ 



2 - A' I T,, 1-L 
1 n 41 5 



h D' D- D' D^ 



TPL - #55 - Dg D^ D^ D5 D^ D^ 



O''^ - Ai I^ T^, Dg D' D^ 



^6 ^5 ^3 ^2 h 



T07 - #52 - Dg D' D . D' Dg D{ 



- I T., Me Do Dn' 
n 41 5 2 1 



1^1 = J M^ D„ I T,, 
o ^ 2 n 41 



2 - M^. D' I T,, 
5 1 n 41 



TLB - #15 - B^ D^ D^ D^ D^ D^ 



5 - A3 I„ T4, D^ !)• D^2 



1 6 - S^ In T^l D^ D42 1^1 



TRA #51 - TIX # 10 - 



HTR #71 



The TRA #51 command and TIX #10 are not effected during the OPERAND MODE 
Phase 1* 



Transition for the TRA and TIX (as well as those "Conditional Transfers") 
move directly to the DIRECTION WDE - Phase 2 via 



1 - I D' D. T,, 
ja 5 4 41 



^''^ '^\h^ 



The HTR #71 command, being a TYFE #5 command, enters the DIRECTION MODE - 
Phase 2, from the OPERAND MODE - Phase 3 viai - 



1 B N 



11 



O^o - I, D T,, 
1 41 



f ' u - 



^2^lV4] 



DIRECTION MODE - Phase 2 

Phase 2 is maintained for ONE 3IT-TIME for ALL of the Transfer Commands 
UNDER ALL CIRCUMSTANCES. 
TRA #51 - goes to Phase 4 via 



l^c - NR- D. T, F' 
Jl 4 1 a 



/ 



1 o » U. 



hVl 



and the Address configuration of the Command is 
gated from the Z -register into the LOCATION COUNTER 



r4l - Z. H N. C P. 
1 o 5 o 6 



0^41 - Z' H N. G' P. 
i o 5 o 6 



.N 



L.H. Command 
gating 



NR ■ I' !•- 
Zl 4 1 



i - ^ °3 '2 ^1 



"i - ^4 h n K 



H - I' D II 
_o 1 o 5a 



T, . - P. P. P, 
_M 5 4 5 



^^■^c^o!2l"^!!2^1^6 



.N, 



LEFT 



RIGHT 



<^ 5 - D^ T, . 
J^ 



6. 



The gating of RIGHT HAND COMMAND ADDRESS configurations is accomplished byj - 



l'6 - h 'o S ^U ^2 '\ 
0^6 . Z. 0^ N5 I.^ I^ I. 



N7 - ^ Nc 
-I 45 



A-Dg N5 



14- D5N5 



1^3 ■ D^ N5 



12 - D^ N^ 
3 5 



1^ - D2 N^ 



0^5 - D^ N5 



0°4 - D' N. 
5 



03 - D' Nc 
4 



0^2 - D' N^ 
? 



1 . D' N^ 



1^6 - D^ N5 



0''6 - D][ Nc 



15 - Cg N5 



0^5 - C^ N5 



1^4 . C5 Nj 

0°4 - C' N_ 
5 JL 



13 = C, N„ 
4 _I 



0^-5 . C; Nj 



1 2 - 0, »j 



2 . C. »j 



1^1 - =2 Nj 



I 45 - C, N. D 
i > o 



1 . C- N^ 



0"43 - C« N^ D^ 



This Address information is held "static" in the D-register, the C-register, 
and R., until N^ is again the LOCATION COUNTER. 



1 41 = R., N^ G P, H 
4:> 5 6 



0^41 » RU N. G^ P, H 

43 !? o 6 o 

Phase 4 is maintained until the end of the word-time with transition to the 

COMMAND MODE - Phase 1 



2 "HIT 
-' '^ o -^2 Ml 



1 1 *• ^1 1^ 



o - G^ N^ K.j^ 



7. 



TIX #10 goes to Phase 1 from Phase 2 at T^^ via - 

1^0 - NR, D. T, F' 

where the INDEX REGISTER is increased by one (l). and is monitored for a zero 
output . 



1°41 - G, K« T' + G« K^ I' D' 
1 g 41 1 g 1 



0^1 - G- K. T., ^ G, K^ I. DJ 

l\ - NR^ T^ D^ D' D^ N- 




Decrement of the 



INDEX Register, 



g - G' K I' D' 
^ 1 g 1 o 

I* If the riDEX Rr!GIS7Sn is not zero (0) or one (1) we will TRANSFER. ' 

♦* (Since the C(l) is the ones complement zero (O) or one (l) is indicated by. 

binary zero (O) is present we do not have a true zero or one count so we 

will transfer.) 



Po - G. R^2 h ^h ^2 °i 



and transition is IMMEDIATELY to Phase 4. 



1^2 - I^ D^ D. p. p. P^ P- 



When in Phase 4 the LEFT-HAND ADDRESS will be gated into the LXATION CDUirri!;K. 
1 41 » Z, H N^ G» D, 

41 - Z« H N^ G' D, 
1 _o^ 5 o 6 

The L.H. address is the only one left available to us by the time we enter Phase 4, 
the TIX command is restricted to LfJiT-HAND Command position only. 



8. 



Termination is the same as for a TRA - Command 



0°o = G' N' K,, 
1 1 _41 

with transition to, the CpWjTAND J^E j:::.^agg_J,_ 



The TNZ command is the EXCEPTION to the foregoing rules for "Conditional Transfer" 
command E ': - 

Because at T^^ of I^ we; 1^6 - S^ I^ T^^ D- D^ D^ 
o\ir D-register configuration will be 

?6 H °4 ^j ^2 h " #51 " NORMAL TRANBPKR 

But if our "COKDmONS ARE NOT MOT" we would haye\D]',D» D D' D' D 

\p 54321 

M- - True - D . D' D^ D^ 

at T^ of the DIRECTION MODE 

Normally if conditions are not met we have transition into Phase 1 via 

A - NR, D. T, P' 
_J 4 1 a 

and termination at the end of the word-time. 

INZ, however, forces "D^" ON even whe: ^he "conditions are NOT MET". 

1^0 - Uj^ M.^ T^ 
and transition is to Phase 4 at T. 

During Phase 4, for a "condition met transfer" we woxild gate from Z-into the 

LOCATION COUNTER. 

This is controlled by Nj^. 

1 5 - Uj^ M^ T^/DA'^ Cannot come true because TNZ had'Di 

9. 



at T^ we O^o - H^ N^ Tj^ D^ l2 P^ 

which returns ut to Phase 1 where termination will occur at the end of the 
word time. 



HTR - #71 - Biters the DIRECTION MODE - Phase 2 from Phase 3 of the OPERAND MODE. 
(#71 is a TYPE #3 command.) 



1 » N 



11 
O''^ - ^1 \ T4I 



and goes to Phase 4 at T, 



1^0 - U, ?i, T 



ii'i 



1^0 - NR, D, T 'F' 



NR^D^T^ 



^11 " ^0 ^1 \ h 



Ej^ . D^ DJ D' D^ 



H - I' D^ I' 
_o^ 1 o ja 



NR^ » I- q 



During Phase 4 we 

1. Cause a ONE (1) to be written into the "INHIBrr BIT" position of the 



G-register (G^i) 



1^1 - H S T„ I_ 
__o 40 2 



^""^ - «o h ^1 



1 = H^_ °6 "5 ^2 



0^0 = T 



41 



and the ONE (l) is wricten in via 



^41 - N, T^, P^ 
0^41 - II N' T^^ 
2. The Standard TRA Logic is all true for the HTR dxu-ing Phase 4. EXCEPT 



THE TEraONATION LOGIC. 



2 - H^ I2 ^41 
10. 



1^ - ^i !^ 



But K^ and D„ remain "ON". 
c 



O^c - U^ F^ NILq - NOT TRUE 

+ I« I, K., - NOT TRUE 
4 1 . Jl 



Co - G[ N]^ K.^ - N^ is true at T ^^ for HTR, 



Transition is then to the COMMAND MODE - Phase 4t WHICH IS THE "SPECIAL DISPLAY" 

Phase. 

During the DISPLAY PHASE, which is maintained for ONE WORD-TIME, we will gate 

the Location Counter into the Display-register 



°6 % ^4 ^5 °2 h °6 S '4 ^^5 ^^2 °1 «43 



MSB 



LSB. 



16 - G, N. I 
1 5 c 

0^6 - G» Nc I 
15c 



1 45 - C, Np D^ 
X 5 

0^43 = C' N. D^ 
150 



Transition is then to IDLE MODE - Phase 2 at the end of the word time. 

^""^ = ^1 ^o ^1 

^""^ - ^4 ^1 541 
where the computer halts until the appropriate signals are generated. 



11. 



NOTE: Display logic when the "COMPUTE" switch is placad in "HAI/P" position. 
HALT POSITION produces signal » C» 



N 

11 ■ T C» I' 
40 1 



The "inhibit bit" is generated by 

1°41 - N, T^, Pg 
Transition is now to the Conanand Mode Phase #4 via 



0^2 - N, K., 1^1 - I« K .^ l°o - K,, N, 

which is the DISPLAY PHASE, The logic now follows the same sequence as the 
HTR command. 



12. 



z 

si I E I I 

I ' OPERATION I R IDEVICE' 



INPUT -OUT PUT WORD FORMAT 

I 



N 



CODE 



o 



L 



41 



40 



39 



38 37 



36 



35 



OPERATION 
CODE 



34 33 



32 



31 



30 



I 



' / 
/ / I 
CHANr-jEL 

NUMBER 

/ ' ' 
' / ' 

/ / ' 

/ / ' 

/ / ' 



NUMBER OF 
CHARACTERS 



29 



28 



27 



26 



25 



1 



24 23 



SECTOR 

NUMBER 



22 



"/i 



21 

S 

I 
G 

N 



Z 

, E I I 

OPERATION R I DEVICE NUMBER 

CpPE O CHARAC 



20 



19 



18 



17 16 



15 



OPERATION 
CODE 




















KEYBOARD 








1 


TAPE PUNCH or READER 





1 





FACITAPE UNIT 





1 


1 


OPTIONAL 


1 








CARD READER 



14 13 



12 11 



10 



/ / / ' 

/ / / / 

/CHANNEL 

/ NUMBER 



/ 



/ 



/ 



/ 



/ 



BER OF ^1 
VOTERS ^1 

5 4 3 2 



S 

Y 
N 
C 



SECTOR 
NUMBER 



-4 



S 

Y 
N 
C 



/ 



/ ' / 



/ 



/ 



/ 



/ 



/ / 

/ / / / 
/ / / 















KEYBOARD 



TAPE PUNCH or READER 



FACITAPE UNIT 



OPTIONAL 



CARD READER 



00 
I 

n 



TIMING SEQUENCE FOR INPUT - ICH #00 



I. = TRUE. 
4 



T = T'T'T.'T^' etc. 
n r p fr fp 



^2 



0^42 - ^4il 



T=T fT fT, fT. f etc. 
— r p fr fp 



1 



1=1^ 



^41^42 



^m -WzH^ 



SET" D 



6 1 



. C^ ^ =(K« J P. 



K 



N. 



41 
I 
INPUT MODE 



41 



'Common"contact 



4^ 



^^ 



41 



R3-CH-118 

T 
■^41 



I 



^<r 



from 



INPUT device 



8 — ^1' m 



1 a 



4V- 



-5^ 



^<r 



^y 



= I.S T 



4^T4i L_4^ 



,Nc = I.Ii'S'K T, 
15 4 1 a 1 



N^= N3l4li 



Increment the appropriate CHARACTER Counter at T^^^— ^T 
or T^c — > T.Q . K is the "carry" flip-flop 

Shift D, — ^ C(- contents into least significant bit positions of 
the A -register, recirculating through A., 



"RESET" D,-^C. because of K' . 
6 5 a 



0^6 = N.K'I. 
5 a 4 



K - Lines (8 — > 1) 



= I.T T., 
4 n 41 



a a o 13 



0^5 = ^41 



20^ 



■ 



^ 



^ 



READY FOR NEXT CHARACTER INPUT 



tNPff" - #00 - TOH 
The TCH command causes the selected piece of peripheral equipment to Input, 
into the A-reglster, from to 128, eif:ht-bit characters. All but the last 
five (5) characters are lost. 

Since the "Control Console Input Switch" overrides the selection of the Input 
device by the address in the command; it is necessary that this switch be placed 
in the "AOTO" position to «llow the command to specify the Input device. 



ICH 



- #00 - D^ D^ Dj^ D^ ni, D| I 



ICH - #00 is a TYPK #2 command 



Review OPERAND MODE for TYPK #2 commands. 
Phase It - 

(1) Gate the C(b) into the Z-register. 

(?) Gate the MINDEXED Channel number and Sector number into the C-register 
and CHARACTKR COUNTEIR, respectively. Load the D-re^ster with the 
OPERATION CODE. 
(5) Analyze the address. 

(4) Terminate after one word-time. Transition is to Phase 2. 
Phase 2: - 

(1) Reload the C-register and the CHARACTER COUNTER with the INDEXED 
Channel and Sector configuration. Reload the D-register with the 
Operation Code. 

(2) Terminate after one word-time, with transition to the DIRECTION MODE - 
Phase 2. 
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DIRECTION MODE - Phase 2 

Entered from the OPERAND MODE vias - 

0^1 » I D' K ! 

_n 5 _o 

During the DIRECTION MODE - Phase 2 we will simply INCREMENT the LOCATION CODNTSR, 

(Refert - Direction Mode Description) 

Phase 2 is maintained for on^ word-time. 

Transition is to the INPUT MODE - Phase 2 viat 



14 - I, Dl D-, K 
0-'-2 - NR, K D» 



D^ . D. D. 

NR^ - IJ I' 

Upon entering the INPUT MODE - Phase 2 
the Device Selection configuration, con- 
tained in flip-flops C- C, C-, is im- 
mediately checked, and the appropriate 
PRIMARY SIGNAL Generated. 

RKS - INPUT PROM PLEXOWRITER KEYBOARD 
RKS » C- C- C- I^ I- I- 0^ 

(0j.» SI(»fAL PROM FLEXOV/RITER TO COMPUTER SIGWIPIES THAT THE FLEX HAS COMPLETED 
ITS UST FUNCTION) 

R^ - INPUT FROM PLEXOiVRITER READER 

Rd ■ ^i cj C^ I4 I- 1{ 



( RKS - TURN ON " INPUT -LIGHT " . ) 
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The setting of the INPOT SVOTCH to positions 1 
signals 



5 produces the following 



#1 
#5 



cj c. c. 



CJ Cj c^ 



C4 cj c^ 



#2 - C^ Cj C2 
#4 - CJ C3 Cg 



AUTO - PROGRAM CONTROL 



Positions: 


- 1, 


2, 


5. 


4 of Section 1 


- I40 ■ ""t 


Positionst 


- 5 






of Section 1 


- hi ' 1°^ 


Positions: 


- 1, 


2, 


5 


of Section 2 


■ '50 ■ °'5 


Positions: 


- % 


4 




of Section ? 




Positions: 


- 1. 


3, 


5 


of Section 5 


- 'jo ■ °"2 


Positions: 


- 2, 


4 




of Section 5 


- 'a - '°^ 



r4 = I., i„ 

41 s 



^ 5 = ^31 ^a 



^2-^21 ^a 



° 4 = I40 la 



° 5 - I50 ^a 



° 2 = I20 \ 



The INPUT SIG^IALS are detected on the Kg yYi^ lines by the INPUT REGISTER 

D/- »-D, I Cc ai^d Cc at P time 

6 1' 6 5 m 



1 6 - Kq P 
8 m 



1°4 = K, P 
bra 



1^? » K, P 
4 m 



1 6 « K^ P 
2 m 



^ 5 - K^ P„ 



r5« K. P^ 



11 - K, P 
3 jn 



^5 - K P 
1 m 



P = 
ra 



where: 



^4 ^2 H S 



1 -^^1^42 




T = Tp + Tp + Tpj^ etc. 



42 - I. T 
4 n 



\ V ^R ^P ^FR ^PP «*^- 
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T .' Common Contact (S^-) » Accept infomation on the K^ >1 lines 

Tj^ « ALL INPtTT Devices are at rest. 



Sequence : 
(1) 



n 



fnl mi ml 
R P PR 



Operation Complete 
Input device at rest 



■= 42 = I, T 
4 n 



(2) 1 " Y'r + '^p\ - Tpjj + Tpp etc. - FLEX Common contact Input si^al is 
coming. TNPOT LINES Activated 



(3) 



^ "^4 5^1^42 



(4) 
(5) 



!m " ^4 ^2 4 S 



8 



1) P 



ra 



I NOTE; - ^6 - 1 "ill initially be "Primed" because of the Operation Code #00 



for ICH. Caution must be taken to assure us that C. and C are 

6 5 

"Primed" by proper prograianing. Lack of proper programming for 
C^ and C' will effect the 1st. character input. 



(6) 


l\ - I4 S T^^ 


@ 


0^ - I . T T,, 
4 _n 41 


(7) 


A^I^I'S. K^T, 






K a Cariy Flip-Plop 


(8) 


l^g - P, I. G^ N^- T^^ P^ 

^ ^1 ^2 % S hA h 






N = Gating Plip-Flop 
^6 - \ ^ 4 




l'^41 - C^ K» T.^ . 0. K^ 


^{K 




\ ' \ ^ H 



0'^41 - G' K' T« + G, K !• D' 
•1 g 41 1 g 1 o 

o'^g o G^ K I« D' 
1 g 1 o 



(9) 1%1 - C^ Ng 

0^41 - C' Ng 



4 of 6^' 



1 6 - A, N^ K C' 
1 6 a 4 

o^^6 o A- Ng cj . N^ k; i^ 

^""^ ' ^a S' ^6 !ll (^35^ 



(10) 0^5 -T^i 

Input Sequenoe 

(1) The INPUT MODE ia entered via 

1 4 - I, D> D K and 0^2 » NR- K Dl 

(2) R.g is Primed. 
(5) No action will take place until we attempt to INPUT a character . 

from one of the Input devices. 

(4) The T^ Primary is made false. 

(5) The K-lines are energized. 

(6) The common-contact is "made" - producing T , 

(7) "Set" S-flip flop. 

(8) P primary comes true . 

(9) "Set" D--— >C. as K-lines indicate. (K„-^1) p . 

8 ' _ro 

(10) "Set" K„ at the end of the word tin**. 



i.^° f urthe r act ion unt 11 the In nut <levices cycle is complRte. Then wel T 

(1) Break the common contact. T no lonii:er present. 

(2) The K-lines are de-energized, 

(3) Tj^ contact is made. 

(4) "Reset" S-flip-flop at the end of the word time. 

(5) P„ gate goes false. 



m 



(6) "Set" Nc at Tj^ of next word-time. 

(7) Gate Ng comes true. 

(8) Shift Dg — ^C^ into the A-register, recirculating with the A-register. 
Dg ^'C^ go to the L.S.B. positions. 

(9) Increment the appropriate CHARACTER COUNTfc^R. 

(10) "Reset" D. >CcfromT,, — >-T,,. 

D "5 34 41 

(11) "Reset" N^ at T.^^ causing Ng primary to go false. 

(12) Wait for next input-character. 
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We will stop the input of Characters when we detect all ones (I's) in the 
CHARACTER COUNTER, and Cj^ 



^'l-VKg^20^4 


(if the number of characters 




was greater than 6^) 


l^c . I^ I. G, K^ T^o C. 


(Correct number of characters 




have been entered into the 




Computer) 



1 1 - ^i ^41 



^^'h ^41 



With transition to the OPERAND or CCMMAMD MODE - Phase 1. 
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TIMING SEQUENCE FOR OUTPUT - OCH - #01 



R3-CH-1I9 



DIRECTION MODE 



0'-^b^s.l4Q 



OUTPUT MODE - Phase 2 



41 



T4I 



41 



1^4 = I3D6D3D2D1T40 



ls = Tl4T4iR42 



l^ = I3D4T41 



O^a = 14s' 



ir^ 



I 



?!f.lili. 



PKFI^ii^c^c^ 



Output to FLEX only 



l'^^ = l4l|S'KaTi 



Recirculate "A'--reg{^ 
Inc lude D 6 -^ C 5 



1^^ = I4ST41 




Eight (8) most significant bits of the "Aj^'register are 



OFD =l4l2li0rS'K;C4C3 

I 
I 

PiCfi= Ipfd] C2P + C0FDI C2K 



/^ placed in the D6_^C5"OUTPUT" register. 



2d - hh^[^K 



0d3 + Od4 + Od5 



T = Tr+Tp+Tfp+Tfp |etc. 




-li- 



-$i- 



-i^ 



I 1 I 

Increment the appropriate CHARACTER - Counter 

at Ti5_^T20. or T35_> T40. Kgis "Carry" flipflopl 
READY FOR NEXT bHARACTER OUTPUT 



^ 



When indicated, TERMINATION WILL OCCUR 

at;^-- ^ 



Final Character Output is indicated by 



ih - ^'^41 



0^4 - ^4^41 



Transition is to the 
OPERAND or the 
COMMAND MODES 



OOTPUT - OCH - #01 

The OCH command catiaes the computer to OOTPUT from the A-regiater to the 

selected piece of peripheral equiimtent. Output will be from to 128 ei^t bit 

characters. 

Since the "Control Console Output Switch" overrides the selection of the Output 

Device, by the address in the command; it is necessary that the switch be placed 

in the "Auto" position to allow the command to specify the Output Device. 

OCH - #01 - D^ D^ DJ D^ D^ D^ 

OCH - #01 is a TYPE #2 command 

Review OPERAND MODE for TYPE # 2 commands. 
Phsise Is - 

(1) Gate the C(b) into the Z-register. 

(2) Gate the DNINDEXED Channel number and sector number into the 
C-register and CHARACTER Counter, respectively. Load the 
D-register with the Operation Code. 

(3) Analyze the address. 

(4) Terminate after ONE WORD-TIME. Transition is to Phase 2. 
Phase 2» - 

(1) Reload the C-regieter and the CHARACTER coxmter with the INDEXED 
Channel and Sector configuration. Reload the D-register with the 
Operation Code, 

(2) Terminate after ONE WORD-TIME. Transition is to the DIRECTION MODE. 
Phase 2. 
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DIRECTION MODE - Phase 2 



Entered from the OPERAND MODE via 

0^1 - I D' K 
jn 5 _o 

Durinisr the DIRECTION MODE we will: - 

1^4 . I^ D^ D. D. D^ T^ 

''■i^a!40!!l0 
l""- " l^ \ ^41 



h ' '\ 'i °o ^. 



N " D* D' 
"lO ^4 2 



:^ 



D.D. 



and make the transition to OUTPOT MODE by 
1^4-I^D^D^K^ 

and enter into Phase 2. 
We will remain in Phase 2 until we have OUTPOT the specified number of characterSi 
} OOTPOT SEQUENCE | | T^ ■ Peripheral equipment is at 



rT ■ Peripl 
— rest. 



(1) 



"Set" N^ o Gating flip-flop; and "Reset" R » TIMING 



^''5 - I4 H S- K^ T, 



0"42 - I, T 
4 n 



( PKS primary gate - True IP the KEYBOARD was selected) 
(PKS - I, I, I,' C» C^ C^) 



(2) Include D/- ^C^ in the recirculation logic for the A- register. This 

developes a ei^t (8) bit left shift of the A-register, and places 
the eight (8) H.S-.B.— in the D^ >Cc Output register. 



r6 - A, N, K„ C' 
1 _6 a 4 

0^6 - A' N^ K C" 
1 o a 4 



^6 - ^4 ^ H 



C' - NOT CARD EQUIPMENT 
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1 41 - C^ % 



(3) 
(4) 



(5) 



(/4I = C' Ng 



The appropriate CHARACTER Counter IS NOT incremented at this time. 



"RESET" K^ at the end of this WORD TIME 

o\ - I. S' T,, 
4 41 

At Tj_ of the 2nd word -time of the OOTPOT MODE: - 



(a) OFD Primary = TRUE if FLEX, was specified. 



OTID = I . I. I' 0^ S' K« C» C' 
OFD - Output Drive to FLEX, 



0^ - OIJTPUr READY SIGMAL 



(b) TO Primaiy - True if FLEX was specified. 



PKD » OT;D C^ P + OTD C« K 



P ■ Punch has been selected, (absence of PKS . 

K^ "not picked") 
K = Keyboard has been selected. 

(^ is present. K^^ "is picked"). 



(c) 0, Primary = True (No QUALIFICATIOlO 



^d - ^4 h H s- k; 



0, = Output Drive 



These "SELECTION" and "DRIVE" signals will initiate the mechanical sequence, in 

the Output Device, to reproduce the conf iiiruration of D^ >-C . 

6 5 
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Additional "OUTPIfr DRIVE" signals 

°d5 " ^°d^ ^4 ^3 °2 " ^*°^* Punch Drive 

^d4 " ^^d^ ^A ^5 ^2 " °P*i°"*l 

°d5 " ^^d^ ^4 ^3 ^2 " ^^^ Equipment Drive 

General conditions at this time. 



K = Primed 
a 

S » Primed 



T » Computer is at rest, 
n 



(h) Output Drive signals have just come true, 
Now I - 



Keep S' initially 







n 4 41 



The computer remains in this "static" condition until the peripheral equipment 

slerials that it has accepted the information from the ^^ -p-'^. „, . 

€ 7^ 5 flip-flops. 



(On the K, 



->1 lines) 



I This signal will be "JP' 



(7) 



1 -^^4^41^2 



This allows Primary Gate NH,, to come true, and 
l^g-NR^G^P^H-M^G^P^ 



/ 



Nil 



11 



■^P4'3^J^^; 



^14 '^^ hA 



K "set" at this time will allow us to increment the CHAHACTEK COUNTER. 

e 

1^1 . G, K. TJ, . G' K^ li D; 
0^41 = G' K^ T • ^ + G, Kg I' D; 
,K 



g = G' K I' d; 
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(8) As we "Set" S, we loose our Output Drive Signals. 

(a) oro (c) 0^ 

r^) PK (d) etc. immediately 



(9) At the end of this word-time we "set" K 



a 



l^a - I^ S T^^ 
This ?nd static state is maintained until the peripheral equipment completes 
its cycle. Cycle completion is indicated by T^ 

(10) qS.i^t^t^, 

This completes the OTFPirr CYCLE fo r hmv nHARftfTWR. 

The sequence would normally start again by 



iS - I4 II S- K^ T^ 
TUiless we force termination at the end of the word -time when the CHARACTER 
COUNTER WAS INCREIffiNTBD 3Y 

1 » G, K T^^ I, (if the number of Characters 

1 g 20 4 

was greater than 63) 

K 

1 c » 1^ Ij^ Gj^ K^ T^Q C^^(^^^^^^ number of characters 

have been output from the 
computer) 

1^1 . I. K^ 

0^4 « I4 K^ 

With transition to the OPERANT) or COMMAND MODE - Phase 1 
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FLOATING ADDITION #75 

FLOATING SUBTRACTION #74 

The PAD and FSB commands cause the contents of the Memory Location, specified by 
the address, to be algebraically Added or Subtracted from the contents of the 
A«register« The nvunbers will automatically scale themselves. 



The binaxy point is counted from bit 33 instead of bit 40. The binary point plus 
128 is used instead of a "si^ed" exponent. This is known as excess 128. 



PAD - Dg D5 D^ Dj D^ D^ - #75 
FSB - Dg D^ D^ Dj D^ D[ - #74 



All Floating Point numbers must be normalized. If they are not, the computer will 
assimie them to be zeros. 

PAD and FSB sure TYPE #3 ccanmands. 



The operations during the OPERAND MODES - Phases 1 and 2 are standard. 
There is an additional factor which must be consideredj - 



During the OPERAND MODE - Phase 5 - 

The C(W) is gated into the B-register. 



Ai.m^d^k;s;^l^d^oS' ^^i^ioS 



0^1 - m; d^ k; s^ * l- d^^ s- + v- d^^ s 



While the A -register recirciilates J - 

1^1 - A, I, T. 1^0 . A^^ I.^ 

0^41 ' ^ -"^l 0^40 - A' I« 

41 3a 

1. 



E ■ Magnitude comparison Flip-Flop, 
c 

£^ conQ)ares the A- register magnitude to the 6-register magnitude, 
c 



^° --^41 V ^1 %2'^< s 



° " ^Al Hi ^1 «A2 - A > B 



/ 



Where R' had occured 
by: - 0^42 - K^ 



+ T„ F' (Initial Reset) 
<: m 

at T ., of the word-time the gate N,, comes true 



% = ^2 ^1 ^0 ^1 



and we transit to the DIRECTION WIDE - Phase 2 



' 0^1 - N 



11 



° ° - ^1 °o "^41 



1^3a - ^11 ^6 \ °3 



and gate M^ is true at T, : M_ » I,„ Dj. J). D, T', 
° oo 1 oo 5a 5 4 5 41 



,R 



and we: - l''42 - M^^ T^ D^ E^ (E^=A > B) 



0*41 » I^ Tj^ F^ 


(sync) 


0'41 - Rl2 ^i li B- 


(sync) 


l'^^-«oo ^'2 


(«oo 



is explicitly T, ) 



2. 



/■ 



and transit to Phase 1 is forced by: - 

l^c « NR, D, T, F' 
3 4 1 a 



The "Sign" of B is copied by Q . 
°'5 - B'^ 13^ D^ T^ 



The sign of the subtrahend C(W) is reversed if the command was FSB. (This is 

standard for algebraic subtraction) 

B '' 

1 40 - B' M^ D' + B,T M D, + B,.; D, F 
41 00 1 41 .00 1 4I! 3 a 

0^40 - B , M D« + B' li Dt + B' ^Dz F 
4i 00 ij .41 00 Ij I 41 3 a_j 



SIGN REVERSAL COPY 



FALSE AT T, 



for algebraic subtraction the sign of the subtrahend is changed, AI^D THEN the 



Operation is CHANGED TO ADDITION. 



->. 1 1 = M Dl 
00 2 



{D. becomes Prime at T_) 



and K ia pi«aet to zero: - 



O^a =. 1,1 



00 



where 1 2 ■ P^ Ig T^ (assume positive ).< j Preset for a positive sign. 



The condition of Cj- is the determining factor for the proper sign. 
Cc monitors the sign of the B-register at T, 

NOTE: 

The "sign" of the answer for FLOATING ADDITION or FLQATDJC SUBTilACTIOI^ 
will always be determined by the B-register sign because: - 



1. 



2. 



The larger magnitude will always be placed in the B-register. 
The "sign" of the sura or difference will always be the sign of 
the larger magnitude. 
(Review of algebraic addition and subtraction) 



3. 



Notet - It will be necessary to DENORMALIZE the fractional portion of the register 

■I 

whose magnitude is the smaller: - 

(1) E„ - TRUE - A <^ B - DSNORMALIZE ORIGINAL 

CONTENTS OP THE A-REGISTER. 

(2) E^ - PRIME - A^ B - DENORMALIZE THE ORIGINAL 

CONTENTS OP THE B-REGiaTER 
The Denoiualize process is anticipated! - 

(1) IP A^ B then EXCHANGE A and B » 

(2) IP Ax^!b then DO NOT Exchange A and B. 

at the end of the word time we should hsere the smallest magnitude in the A-register. 



Note I - DENORMALIZE LOGIC CNLY EXISTS POR THE A « REGISTER . No Denormalize 

operation is done in this Phase* 



Transition BACK TO PHASE #2 is forced at T- and reset C^ if C^ is primed 

O''^ ■ '^2 !!oo ^^ ^'^^P^I^T^C' 

and the A-register is exchanged with the B-register IP conditions so specified by R „ 

42 

^''^l - Bi I3, D. R42 . A, 13^ D. R.^ 

0^1 - B. I^^ D. R^2 ^ A. 13^ D. R.^ 

1^1 - A^ R^, D. Dg I. ^ B, P D; R.^ 
0^41 - A. R^2 D. D^ I. . B. I. D; R.^ 

F.Q is reset at T- in preparation for checking the quality of exponents: O^c = T FM' 

NOTE: - At the end of the word-time the A-register will always 

be GlfflATEIi THAN or EQUAL TO the B-register. 



4. 



At T,2 we prepare for the equality check of exponents: - 



'"' • h. "5 hi 



r / ^c, ' 'J^rue from T,. ^T,, 

we reset H, to inhibit the "adder" > 0^1 = ? I T 

and we check the most significant fraction bit for a binary one (l). 

K 
1 c « A' B' T 'H' F 
^ ° n ^1 32 2 ^a 



NOTEj a programming qualification stipulates that ALL floating point numbers 

MUST BE NORMALIZED. Any floating point number that has a zero (O) in the 
m.s.b. position will be considered a ZERO (O). If A, and B, are BOTH 
primed at T^g we assume that both functions are zero (O) and transit to 
Phase 1, in preparation for TEMINATiaN at T., via 1^1 = I' K 



If the floating point numbers are properly normalized they are checked for equality 
during Cg - true, by E^ 



l^c - Aj^ B[ K^ TE • 

"^ M ^1 ^a ^ TE - IJ^ Cg FM' 

(O^c - Tg FM') 

where K is the "cariy" flip-flop. K^ WILL NOT BE "SET" during this word-time because 
a a 

we ARE NOT incrementing the exponent configuration. K^ was "reset" by 

o'^a - M 
00 



CASE I 



CASE II 



E at T., = Exponents are UNEQUAL - Make transition to the EXECUTE MODE 
c 41 

Phsae 2, for the Equalization sequence. 



E« at T,, - Exponents are EQUAL - REMAIN in this DIRECTION MODE - 
c 41 



Phase 2, and start the Addition sequence 



5. 



CASE I We will conaider "Case I" initially; UNEQUAL EXPOMEllTS. 

Transition is to the EXECUTE MODE - Phase 2 via 

0''"2 - F„ E„ K 
a c o 

and at T., we prepare for the Equalization Process by: - 

0^4 = F E„ T,T 0^3 -FN' T,, 1^2 - F T,, 
a c 41 a z 41 a 41 

-a 

D« » True will cause B-register recirculation for remainder of coramandj 1 41 = B,D„I, 
^ i. d 5a 

Upon entering the EXECUTE MODE our Operation code is 

°6 ^5 ^4 ^3 ^2 \ ' '^^ 

At T, of the EXECUTE MODE our general gate and flip-flop configuration is: - 

(^5 '4 °3 ^3a ni^ 
^h ^i ^3 ^1 ^3a) 
^^ ^4 ^3 '3a) 



\o 


» False 




V 


= True 


«1- 


1 True 



sr 



True (D- D- D^ I^^ I' ) 



R.5 k;; d;; F^; f;; n;; K'; 

^c' ^3a' ^6 ^l' 

and at T, we: - 0°1 -FT, 0^4 - NR, T, D„ FR, » V. U 

1 al _212 j;j_4i 



OPERATIONS DURING EXECUTE MODE - Phase 2 

(1) Right shift the A-register, FRACTICSJAL PORTION ONLY, and insert leading zeros. 

o'"^^;Sa ii-M^^i 

"S" =• One bit delay. Takes the place S^^ = k^ B^ C' 
of A.q) to compensate we let A,^^ „ . A R' C* 



copy "S". 



oo 1 1 4 



S, , "A, B. A, I, 
11 1 1 1 3a 



1*39 - S Mg^ T[ 
oS9 - S' Mg^ T^ 



6. 



We limit the bits, right shifted to the fraction by: - 1-^4 = P T.„ : thi& causes 



^sr *° ^° FALSE, and primary NRcq to come TRUE. 



With NHc„ - True we allow A.^, to copy S. 



40 



1 40 - S I^ NR^Q 
0% - S' I^ NR^Q 



Insertion of leading zeros was accomplished by: - 

.A.. „ ,. / 

A.Q is initially "Reset", and 



40 - P N' D" K' 
a z 4 c 



1 ^9 - A40 D^ 



kept that way. 



A35 copies A^Q at T^^^ ^ T^^ 



(which is the correct time for 
the m.s.b. position). The other 
C(a) had been shifted. 



The EXPONENT portion (T,^ — ^'^40^ ^^ incremented by the action K (cariy flip-flop) 



with li^ 



00 a 3a 



R, ~ K I, 
10 a 3a 



S copies the complement of A, 



when K is true and R, is primed. 



l\ - P„ D' T,- K' 
a 4 32 c 

O^a =. .{ D, I, K 
00 1 3a a 



(K is true at T,,) 
^ -22. 

(K is reset when A| reads out) 



The logic for "S" and "K " constitutes a One's ccaaplement - "Adder". 

a t 

The check for EQUAL Exponents is accomplished again by E 

c 

I'^c » A, B' K' TE + A, B, K TE 
11a — 11a — 

+ kl B, K* TE + A' B' TS 
11a — 11 — 

O^c • To F' 
Z m 



7. 



The check performed by E actually checks for an IFiiQUALITY of ONE (l). 



jNOTE: - The readout of A^^ at H., yH is the "old" configuration that is now 

[being increased by One (l). This "increased" configuration will be in the A-register 

h ^41- 

s 

frhe equality check by E takes this delay into consideration. 

c 



If at T., we have E » Continue Shift -Increment logic by; 

o''^ - Pa ^1 ^c 

E' at T., - 1"'"2 « P N' E' K I' 
c 41 a z c 2 

If at T . we have E' » Exponents are equal » Make transition to the DIRECTION MODE - 

Phase 2 and start the Addition sequence. (The same logic as a Case II will now apply) 



CASE II - EQUAL EXPONENTS 



If the ijxponents are initially EQUAL; we will detect this fact at T., of 

41 

the DIRECTION MODE (First word -time) by having E' . In this "Case" we 

c 

WILL NOT terminate the MODE. We WILL change the OP -COPE TO 7/73. via: 

0°5 = F N' T., 1°2 = F T,, 

a z 41 a 41 . 

This will react on the following gates 

M„ =» True - D^. D. D' M » False 

o 5 4 5 00 

This 2nd word time of Phase 2 is the same as standard Add - /75 command. The exceptions 

involve provision for proper handling of the mantissa and the exponent. 



^OTE: The "sign" of the subtrahand was reversed and the OP -CODE changed to ADD, 
if the original command was FSB 



8. 



At T^ we set-up for the 1st word of our Addition sequence. 
(Repeater) 1 1 » M T- « Turn ON add/sub. logic. 



(Repeater) 0^1 - A^^ B^^ H^ M^ I^ T^ 

' \l «41 h % h h 



i Command is Addition; Since 



o\i; 



"■\ SIGNS ARE UPPOSITE - Subtract, 
'v^or D, remains TiiUE. 



K^ was reset by M^^ at T.^^. We will now vise it as the "Carry/Borrow" element. 



^ ^ ■ !ii ^1 ^2 ^41 * ^1 !!oi ^i h^ ^ ^41 6 



O^a - S D, I, K + R D- I, K 
oo 1 3a a oo 1 5a a 



^ A, B' D' I, + R,^ D' I, + I, T,, 
1 1 1 3a 10 1 5a 5a 41 



T, ^T 



51 



N 



^35-^^41 



/^ 



iS 



1^3 



0^3 



^a ^1 ^6 ^ ^4 '3 



I, P' = T - T 
3a 5 52 1 



BUT FOR FLOATING POINT - THE ADDEH/SUB IS TUxiNED OFl' AT 

'''' = ^a ^2 !52 
The absence of il, will cause "S" * to copy A, (Exponent) 



1 - R.^ K' I, 
10 a 5a 



- R K« I, 
00 a 5a 



* EXCEPT FOR THE SPECIAL 
CASE OF OVERFLOW 



9 . 



During the entire word-time B copies S. 

1^40 - S M I_ 
2 



40 



o ^2 



a. 



while the A-register was being zeroed by: 41 -PIT 

a 2 1 

During this operation the poaaible outcome will be 



'- 1. Case I for Add/Sub. »» Correct Sum and Exponent in B.J 



2^ Case II for Add/sub. » The sum in B lacks the MSB (which is the " 

OVEllFLCW BIT). The 'TV^Rl-'LOW bit has caused 

,_ , _^ t he EXPONcINT to be in creas ed by One (l ). 



3. Case IV for Add/Sub. « The condition is OVEKBORROW. The Two's (2^) 

complement of the MANTISSA is caused by this 
OVEHi'LOW condition, while the exponent x-eraains 

intact. . 



1 will transit to the EXECUTE MODi: - Phase 2, 2 = I K P[ 

2 o o 



2 and 3 will transit to the EXECUTE MODE - Phase 1. •< 



NOTE: 



A standard "case 5" for add/subtract is impossible. B^ A would have 
produced the exchange of the B-register and the A-register during the 
first word-time of the DIx-iECTION MODE. The A-register will always be 
leas than the B-register and produce a standard "case 4" for add/subtract. 



SPECIAL 



Another condition might arise wherein the "Difference" obtained is ZERO (o) 
when "B" is subtracted from "A". This special case will cause the command to terminate 
at the end of the word-time. 

Detection of this special case is achieved in the following manner. 



10. 



C^ « Main timing for the ZERO test. 



ri - P^ T2 



01 -FT, 
a 1 



Cc •■ Zero sampling element. 



° 5 - Fa ^2 



15 - P„ C, S T' 
a 1 1 



Thsns - 



"^^ - ^a hj5 ^i- 



^ > (N0 ONE'S (1°) ^Subtraction) 
detected ) 



The DIRECTIOM MDDE - Phase 1 is entered immediately and maintained imtil the end of 
the word time. The command is terminated by 

The A-regiater would contain a ZERO EXPONENT and a ZERO (o) for the mantissa, with the 
correct algebraic "sign" 



Cases II 



This case will indicate Overflow (K ) at the L.S.B. time for the EXPONENT (T ) 

a '53 

E = OVERFLOW INDICATOR (Exponents are equal now) 



(During 1st. word of Add) 



A - A, B, K TE + A« B« K TE 
iia — 11a — 



and transition is to the EXECUTE MODE - Phase 1 
l^c - ^V ^c ^2 ^2 ^41 



2 » P„ E„ K + 
a c o 

and 0^4 - P E T,, 
a c 41 



'^ " b^ ^ hz 



oh 



5a 5 4 2 



11. 



During this "Overflow" phase we will RIGHT SHIFT the mantissa portion of the 
B-register by ONE (l) bit as it enters the A-register. We will then enter the 
"Overflow^* bit into the most significant bit position of the mantissa. 



During T,, to 

T.„ of Phase 2 
40 



In anticipation of this one-bit right shift the EXPONENT was 
incremented by ONE (l) immediately before transition into this 
Phase 



Logic for incrementing the EXPONENT Count - T,z to T 



40 



NOTES: 



1. 
2. 
3. 

4. 

5. 

6. 



Both exponents, in the A-and B-registers are equal, 

K^ is true at T,,, indicating overflow. 

To reset K we need a - R I, K 
a 00 ^a a 

B^Q copies S = 1^40 = S I^ M^ 

Reset R^; 0^1 - P^ I^ T^ 

Logic for incrementing is "COMPLEMENT - ADDED" 



r R K I, 
00 a ^a, 



10 a 3a 



Complement 
Logic 



1 = R,_ K' I, 
10 a 5a 



» R K« I^ 
00 a 5a 



Copy 
Logic 



7. Incrementing the EXPONENT does not/cannot change the sign 



Transit to EXECUTE Mode - Phase 1. 



12. 



The right shift is accomplished by 

1^ - B, R^, K' I, 
1 _01 a 3a 



• S^« K« I, 
00 a 3a 



(T^ because a ■ I, T., 
^ — ' 5a 41 

with K initially primed and the A-register all zeroed, VIE CimCfV "SBr"K 



(2t) because 1 1 - P^ K^ T^^ and Rj^ will remain TRUE for the entire word -time 



and 



1 59 - S MSRTj^ 



0*39 - S' MSR T| 

causing a ONE BIT -RIGHT SHIFT. 



/ 



^^' °i ^5 h h- ^2 



Until we 



1^4 B p T 



and A-„ will copy "S" for straight copy 



MO 



1 40 » S !• im^ 
0^40 = S' I^ NiUg 



1 59 = A40 D^ 
^^9 - A'o D^ 



NiC^ - I, D. D, D« P' 
30 3a 5 4 3 m 



(starts at T_ _ - this will insert a) 
54 

(one (1) bit into A,^ at T , ) 



The Overflow bit was inserted into A,„ via 

40 



1 40 - F N' D' K T' 
a z 4 c 1 



Case II commands are terminated at this point because the correct answer is in "A" and 
it is normalized. 



13. 



For Cases I and 17. For add/sub will transit, at the conclusion of the First (ist) 

word time in the DIHECTlcaf MODE - Phase 2 too the EXECI7PE MODE - Phase 2 via 

0^2 - U K I- 
__0 2 

Case I we will simply add the C (a) + C (b) through "S" and copy into A.^.. 
Ao - S I^ NR 



0*40 - S* I^ NR 



11 - M T, 
1 



1 • l3a ^6 ^5 !40 



r - B, H^, K' I, + S K I, 
! 1 01 a 5a, , 00 a 3a 



~s. 



^ 



Case I 



Case IV 



0^ - S K' I, + B, R^, K I^ 
i 00 a 3aj 1 01 a 3a 



U 



Case I 



Case 17 



C, ■ C, for Floating Point 

Special jumper connection 



° 5 " ^3a n 

iS . F^ Di P^ P5 P- P- 



Ci is true from T2— ^T,-. 



It is then forced tine for one-bit time 



at T,o when "K " is reset and "D ," is set via 
^c a X 



Where for Case IV we must RE- 
CCMPLEMENT the complemented 
answer in the B-register. 
l^.B.K^D. I^^T'^D^^C'^) 

^- - ^a ^ ^i !l2 



1 1 - F^ N. I^ T32 



The EXPCaiENT WAS NOT CGaglEMBNTED 

and need only be copied directly 

by "S", and then "A, ". 

40 



14. 



During this word-time In the EXECUTE MODE - Phase 2 we must check to deteimine IF 
ANSWER (that is going from "B" to "S" to "A^q") is ALREADY NORMALIZED. 
This is accomplished by monitoring the state of "S" at T . 



OUR 



:ii' 



S T,, - Answer is Normalized 



S' Tj, « Answer is NOT Normalized. 



l^c - S T^ P^ D5 N^ 



where N^ is turned ON to indicate NORMALIZE operations. 



"^^ - ^a ^ ^ ]^^ 



IP our answer was noiroalized (S T^) the command is teminated at T byt - 



1 1 - II Si 



IF the answer IS NOT nomalized we REMAIN in the SXECUTS MODE - Phase 2, and proceed 



with the normalize operations. 



1 » N T,- 
z 41 



1 5 » N^ T^^ 



i 1 4 = N T 
^ z 



33 



1 i 



r-4 1 5 - N^ T 



Jl 



l.^,y^ ^D =. True = T, — ^-T,, 



-> D^ = True - T^^-^T^^ 



->^ - ^^« " '^54-^''41 



0°4^T^1^ 
0^ . N^ T^^ 



r*^ 



° ^ = ^3a n ' (T32) 



1 1 - P T_ 0*^1 - P T- ■»■ N T„ 

a 2 a 1 z 41 



1 3 - P^ D' P, P_ pt pt = (T ) 
a 1 6 5 4 3 ^51' 



1^5 - F„ C- S T« oS - P T^ 

all a 2 



16-1, D_ P' Pi + T,, 
3a 5 4 2 41 



'-»C, " True - T^ ►T 

i-^G, - True «• T^p 



41 



;^ - True - Until "S" is true — *-T 



15. 



Cg - True - T^- 



-^^1^ 



P« ^r T, 

a z 1 






NORMALIZE METHOD 

The Normalize Process involves the LEFT SHUT of the A-register \mtil the 
M.S.B. of the Mantissa is a binary one (l). 
Right-shift is accomplished viat - 



1 - A, R. k; 13^ 

0' - «oo K; ^3a * ** 



"S" flip-flop constitutes 

a ONE BIT DELAY 



1*41 - S M T T« D« 
si 1 



41 - S' M , D' 
sl o 



M T - D' Dj Ij C« 
_3l 4 5 3a 4 



NR^„ - I, D- D. D* P' 
50 3a 5 4 5 m 



M =1, D^ D, D« 
_o 3a 5 4 3 



0^4 - N, T„ 



Teminates Right Shift 



and ca\i8es primazy 



gates NR-- and M « TRUE. 



** NOTE I - The trailing zeros were inserted by: - - P N T, 






The EXPONENT is now Decremented by one (l) to indicate the Left-Shift of 
the A-register K is "set" to accomplish the decrementation 

l^a - N, T,_ D' + P„ D» T,, K' 
z Ji2 5 a 4 _52 c 



0^, 



a 



hHh 



16. 



and "S" acts as the Difference element. 



00 a 5a 10 a 3a 



and A.-, copies "S", which does not allow any precession. 



/ 



R - A' R' CI 
. oo 114 



\0 ' h 4 



1*40 - S NR^ I^ 
oV - S' NR^ I^ 
and termination is detected by monitoring "S" at ?,„ for a binary one (l). 



^^° - °3 ^z !l2 S 



rith command termination occuring at T ., via: 



11 - I' K.T 
1 _^ 



The correct sign bit is inserted into A., via; 
^''^l = ^2 ^5a ^ 



17. 



Transition from U. D Upon Completion of the Commands Execution. 1 



When the conmiands execution is completed in U. D the configuration of the mode 
and phase ccaitrol flip-flop is: 



^1 ^'2 ^i % \ 



Termination of U. D is done by 
10 



1^0 . U^ D3 D, D^ T^ 



There is, however, other pertinent logic, that was aet-up in modes prior to 
U. D , that will affect us at this time. 



The state of the G_ flip-flop is of primary importance noy. 



G' - A "LEFT HAND" command is now being executed. 
G ■ A "RIGHT HAND" cimmand is now being executed. 



The logic for G is listed below. Each minterm is numbered and circled to facilitate 



l^'o »^G, T„„ I K +®I' K, 



their discxission in the succeeding paragraph 

.G^ ^, 

''1 '22 "n "c " ' -"1 ^41 

o'^o =©I D' +®I N' T,, 

_£ C 1 41 

Minterm (T) G^ T I^ K^ - If the Location Counter, Half Word Bit Position, is 
TRUE (1), during Phase #1 (or Phase /M) of the Operand Mode, a "RIGHT HAND" command 
is being executed. "Set" G to coincide. 
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Minterm (g) Ij^ K^^ - During any of the four (4) modes, represented by I» , when 
we are in Phases tj^I or 7i*4> SET G^ at T .j^. (This minterm has more dynamic 
significance when studied with the applicable commands.) 



Minterm ^ I D' 
V — / c 



c o 

Upon entering the Command Mode - Phase ,t^3; RESET G to indicate a "LEFT HAND" 
Command is being executed. 



Minterm I^ N^ T , ^^ - 

In all Phases of I^, RESET G„ at T.,. (N,' will be true), 
c o 41 1 

We can now see that during I ; G will always be forced "False" because of Minterm 



(^ or Minterm (^. 

As stated previously, the " state" of G^ is extremely important, at this time, because 

of Mode Control flip-flop I^. 

^'2 = g; n. I. K^^ 

°'2 - G^ li \i 

Because certain commands will complete their EXECUTION Phase in the Direction Mode, 

while others will complete theirs in the EXECUTION Mode. It is necessary to determine 

for both cases if transition will be I or I . 

c n 

If a "LEFT HAND" Command is being concluded: - Transition will be to I . (With 

n 

possible exception of Transfers). 

If a "RIGHT HAND" Command is being concluded: - Transition will be to I . (With 

c 

possible exception of Transfers). 
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Remember that D is still TRUE for the first (Ist) word-time following transition 

from either DIRECTION or EXECUTE MODES. 

11" transition to Operand (l ) or Command (I ) Mode 



G^ ■ which half command had been woiiced on. 





12- specifies operand mode (l ) 



2= specifies command mode (l ) 

c 

Transition will be into Phase - #4 of either mode for one (l) word time xintili 

Q°^ ■ ^1 °o ^41 

When, under the described circumstances, we are in Phase - #4 of OPERAND (I ),or 
COMMAND (I ), computation stops. The "Neon Display" on the control console is 



made to indicate the configuration of the LOCATION COUNTER. 



The "count" in the LOCATION COUNTER had previously been augmented during the 
DIRECTION MODE - Phase #2 

1^41 - G. K^ J. D; . G^ K. T', 

0'^41 - G, K^ I. D; . G. K^ T. , 



where: l^g - NR I^ T^j^ FA' 

O^g - G' K^ I^ d; 



NR^ . I. I. 



The 



logic for G., , as shown, is in the standard "One -Input -Adder" confi^ration. 
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R3-CH-58 



FLOATING MULTIPLY - #23 



OPERAND MODE 
Phase I 

Sense Address. Load D- and 

C-registers with UNINDEXED 
configuration. Terminate after 
ONE -WORD TIME. 



I 



DIRECTION MODE 
Phase 2 

Copy the Mantissa (multiplier) of 
the A-register into the 
R-register with a ONE-BIT 
RIGHT SHIFT. 

Clear the A-register to Zero. Re- 
circulate the B-register. 

Determine and store the correct 
sign of the product. 

Invert the EXPONENT BIAS. 

Add exponents and copy their sum 
into the B-register. 

"Set" Jo for exponent overflow or 
underflow. 

Check for zero (0) in either the A- 
or B-registers. 

Terminate after ONE WORD-TIME. 



DIRECTION MODE 
Phase 1 

Entered if the exponent in either the 

A or B-register is not 

normalized. Command termination 

will occur at T... 
41 



OPERAND MODE 
Phase 2 

Load C-register and CHARACTER 
counter with the INDEXED con- 
figuration. Re-enter the 
OPERATION CODE information 
into the D-register. Search for 

and achieve SECTOR AGREEMENT, 



OPERAND MODE 
Phase 3 

Gate the C{W) into the B-register. 
Set the appropriate CHARACTER 
COUNTER to the complement 
of thirty-two (32) . Terminate 
after ONE WORD- TIME. 



EXECUTION MODE 
Phase 2 

Fixed Point Multiplication of the A- 

and B-registers for bits 2 
through 32 for 32 word-times. The 
A-register holds partial products. 

Recirculate the B-register and copy 
the exponent bits into the A- 
register each word-time. The 
CHARACTER COUNTER counts 
word-tinges. 

Check for normalization at the thirty- 
second (32) word time and 
terminate if the product is 
normalized. 

Remain one additional word -time for 

the normalization process, IF 

NECESSARY. 



FLOATING MULTIPLY -#23 



DPERAND MODE - Phase 1 



OPERAND MODE - Phase 2 



OPERAND MODE - Phase 3 



DIRECTION MODE 
Phase 2 



DIRECTION MODE 
Phas 2 



EXECUTE MODE 
Phase 2 



I 

O 

X 

I 

IwTI 



FLOATING MULTIPLY - DIRE'l.TION MODE 
PHASE 2 



Invert Bias 



41 ^ T,I'F' 
14a 



41 



40 



f A, B ' K ' 

."39 = "461 I ... t t 

0-3, = ,:, J -21 1 



hRiD.F T.„ 
1 I m 40 



39 



A-Register 



2 I 



*41 



/ l^'^O = S M^l2 \ 

^ 0^40= S'M I, ^ 
o 2 



40 



B-Register 



1 41 1 3a 2 



,C 



r 



1^5 - B.,T,I, Dp 
41 1 3a 5 





r^2 - 


"•112 




s 


__j_i ^ ^ 


'-2 




.c. „ 


' 



2- Different Signs 



1^41 =■ A^M^I^ 



■^=i-^ > 41 



40 



R-Register 



l^c - B'F I^T,- 
1 ni 2 32 



Zero test 



K 



1 t; - AJF I_DiT_~ 
1 in 2 3 32 



1^1 rr F I-,T,,, 

11) 2 32 



0^1 = I- D.D^T.. 
3a 6 5 40 



CH-121 



.M T' 
sr 1 



M 



sr ^- D'D_D,I- I' 
— 4 3 1 3a 2 



i t 



41 



40 



39 



A-Register 



41 rn 4 1 o 2 
EXPONENT Copy Logic) 



41 



40 



39 



B-Register 



{V3a°2 } 




41 



40 



39 



R.-Register 



-( R2^sd^r41 } 



FLOATING MULTIPLY - 
EXECUTION MODE - Phase 2 



Floating llultiply #23 - D' D^ D* DJ D^ D, 

054321 



Floating Multiply is a Type #3 coininand. 

Phase ih of OPERAND MODE - 

(1) Gate C(w) into the B-register 

(standard Gating) 

iV - ^'^ D^ k; s;, . L, D^ S- . V^ D^ s 
0^1 - m; d^ k; s; . l- d^^ s- . v. d^ s 

While the A-register recirculates 

1*41 - Aj Ij TJ 1*40 - A^^ I'^ 

^ik 

A count of 32 is loaded into the appropriate character counter of the G-regiater during 



0^41 - A' I, 0*40 = A- I' 

J- i Al ^1 



the OPERAND MODE - Phase 3 

^o"g"6 ^20 ^^20 "^' ^40 



1^1 - D^ K m T„ (T^^ or T, J 



0^41 = D^ K^ P5 P^ Pj P^ (T,5 or T35) 

Where l^g ' % ^ '^jj^ P^ P^ 

+ G' It T,, P, P, 
o 4 14 6 1 

K is the final determining factor concerning which Character counter will be 
g 

utilized. 

During the last bit-tine Floating Multiply Logic comes true 



l'"" -"11 ^^^4 ^2 



The OP-CODE is forced to .-^63 

via 1 6 = N,, DJ DJ 
11 4 3 



"11 - '2 h ^0 ^41 



1. 



While the Arithmetic Plip-Plop is set via; 
Transition is to the DIRECTION MODE - Phase n^2 via: - 



0^1 - N^ 

and the M, gate is true at T, by virtue of I, 

M, = I, D. D' D' 
1 ;a 5 4 5 



The Multiplier bits, (the A-register contents of bit positions 2 throu^ 52) are 
transferred to the R-register, WITH A ONE -BIT -RIGHT -SHIFT. 
1^41 - A2 M^ I2 

0^41 - A^ U^ I2 T|^ 

^^40 ' H^i Dijr^i 0^0 = ;i • ^ d; T • ^ 



At the sane time the A-register is filled with zeros 



0^41 - I' T, F« i 
4 1a! 



0^0 . A'^ I2 

A 
S9 -A' P I T' 

— M * Note - there is no "Set" logic available for A., during this word time. 
The contents of the R-register is recirculated 

Al = B^ 13^ D^ 1^0 = B^^ D5 D' 

41 » 3' I, D_ 0^^40 =■ B' D; 

i ^a <: 41 4 

The correct "sign" of the Mantissa is stored in the C„ Flip-Flop via 

C 

1 2 = U, T, D_ = Assume Positive Sign 



2. 



Exhibiting (°^2 . P^ I2 T2 A'o C5 -^^ reg. is Positive^, 
\ ^A reg. is Negative / 

difference / r \ 

^ * ^40 ^40 \ ^1 ^5 ^4 ^2 ^ Y ^^^* '^ Negative;, 

of I \ . „ . . i 

— / (A reg. 13 Positive/ 

aigns ; 

\ 
Where Cc gives the "sign" of the 3-reg. 

The most significant bit of the exponent in the A and B registers, the A.„ 
and B._ bits, are designated the "iilxponent Bias" Bit. It is so called because its 
state designates the exponent as a positive or negative magnitude. 

To perform the prescribed addition of exponents the Exponent Bias of the 
A-register is inverted as it shifts from A,q to A,,^. This action will allow us to 
utilize the standard "fixed point" adder logic to gain the correct "sun" of the exponents 
with the correct "Exponent Bias". 



5. 



Examples 

40 39 38 37 36 5'> 54 55 
A-reg. 10 11 131 
B-reg. 01111110 126 



40 39 38 57 56 55 34 55 



INVERSION OF A-iiEG. >a0000011 
EXPoriENT BIAS y ^ 

01111110 



10 1 



A-reg. 01111110 126=-2 
B-reg. 10 1 1 151-+3 



Dr/E:tSI0N'0F A-HEG.>1 111111 G 
EXPONENT BIAS y 



10 11 



10 1 



129 =+1 



■12'^ 



A-reg. 11111110 +126 
B-reg. 10000011 +3 



INVERSION OP A-.iEG7>0 1111110 
EXPONEin' BIAS ^ 

10000011 



(ovE.iFLow coirarrioN) 



100000001 



-127 



A-reg. 1111110 
B-reg. 11 



-126 
-3 



INVERSION OF A-RSG^l 1111110 
EXPONENT BIAS . ^ 

11 



(WroEiiFLOW CONDITION) 



111111101 



+127 



The Inversion Logic is 



1^39 - A' F^ I2 I{ T^ (Invert Bias) 



40 

+ A.^ F„ I^ T' 
40 m 2 1 



(Direct copy logic) 



39 - A,^ F„ I_ I' I' T. (Invert Bias) 
40 m 2 i 1 1 



40 



(Direct copy logic) 



The "Overflow" and "Underflow" conditions will both cause the OVE.tfLOW NEON to be lirhted. 



4. 



This is accomplished by the proper "Set" of the J flip-flop. 

1*^0 » A« B, K K' R, D- F T,^ (CVERr^Dav) 
1 1 a 1 1 m 4Q 

4- A, P,' K' K' H, D^ F T,„ (WDEHi-^aV) 
i i a c i 1 m 4P 



Where '{•, must ho "Set" to allow the standard fixed point adder lo^ic to 
operate. 



0^1 » I, D. T,„ D. 
5a 5 _j10 6 



From T,, through T „ bit 



times only. 



The sura of. the exponents is written Into bit positions T., through T.„ of 



the B -register via; 



1 40 = S M I^ 
o 2 



o 3a 5 4 3 



0^40 « S' M I^ 



The M Gate is TRUE because the OP -CODE was changed, for the addition of 



exponents, from -'/65 to -^75 (ADD) via 



14 = P T I 

0^4 - F T,, 

ra 41 



At the end of this single word -time in the DIiiECTION MODE, Phase 2 we have; 

(1) Copied the Multiplier bits from the "A" to "R" register, 

(2) Cleared the A-register to zeros. 

(5) Recirculated the Mantissa of the 3 -register. 

(4) Added the Exponents of the A and B registers and copied their sun 
into the Exponent bits of the B-register 

(5) Determined, and stored, the sif^i of the product, 

(6) Detected the "Overflow" or "Underflov/" condition of the sum of 

exponents with J . 

5. 



One additional check is performed during this word time. It is/ 'check for 
a zero magnitude y^in either the multiplier or multiplicand (a- or B-re^ister mantissa). 

If either the multiplier or the multiplicand is zero the resultant product 
will be zero. 

The command will be terminated at the end of the word -time in this case. 

The zero test is performed at T,^ time, and if the M.S.B. is zero we will "SET" 



the K^ flip-flop. 



^''''^:.h^l'h2''\hH''J2^ 



transition would then be to Phase 1 where termination would occur at T.^ in the normal 
manner. ,....,. ■-— 

At the end of the single word-time in the DIKECTION MODE (Except for the zero 

multiplier or multiplicand situation) transition will be to the EXECUTE MODE - 

Phase 2 via: - 

0-^2 = I. 1,1 K^ 
<i o 



y 












\ 


■h. 


^ 


^ 


"5 




K 




■ "c *41 








-iecall D. 
4 


was 


1 ". 


3et" 


for 


the 


addit 


ion 


of 


Exponents 



We will remain in Phase 2 for the next THIRTY -TV/u (32) WOHD TH^S whilo the 
actual multiplication of mantissa is taking place. 

The actual multiplication process is identical to that used in the fixed point 
Multiply -:^65 command with the addition of those logical equations which allow us to 
preserve the Exponent. However, for Floating Multiplication, some special gates are 
used (to accomplish the same effect as the fixed point rnultipiication) which all,;v/ uc 
to inhibit the multiplication logic from T^^ through T^-^ in order t:^ p.'esei-vp the 

Exponent . 

b. 



Let us briefly review what oui* registers contain and the configuration of our 
applicable flip-flops. 

(1) The A-register contains all zeros 

(2) The B-register contains the mfrntissa of the mult iplicant T the C(w)! 
and the correct sum of the exponents, 

(5) The R-re^ister contains the multiplier [j-^e C(a)| which has been right- 
shifted one (1) bit position to occupy R, through R.^^. 

(4) The "sign" of the product is stored in C_ flip-flop. 

(5) Piip-flop D. was "RESET" at T.^^ (= F^ T^) causing OPExlATION CODE 
change to TJ=(d (MPY) 

(6) P flip-flop remains THUB] 



For thirty-two word times the following multiplication sequence takes place. 



In practice the Multiplication Sequence proceeds: - 

(1) The B-register (Multiplicand) recirculates normally for the entire 
thirty -two (32) word-tiraes. 

1^1 - B, I,^ D^ 

(2) "S" flip-flop (and accompanying logic) is used in the same manner as 
during the ADD or SUBTitACT commands. 



7. 



1 = R K I,„ + A, B' K» I, i+ B, R^T K* I, 
00 a 5a 1 1 a 5aj 1 01 a 3a 

+ S I,„ K + K' Rt_ I, + S-T K 
00 3a a a 10 3a 11 a 



» H^_ K I, + A, B« K I, + B, H_- K I, 
10 a 3a 1 1 a 5a 1 01 a 3a 



/ 



\\ ' ^i h 



\o " h H 







^ -^1 -1 ^4 


+ 


^00 K he. ' %o ^5a ^a * ^^ K; T' , 


^oo - '{ H 'i 


lere: - 




hi ' h h h ^5a 


A. 


^11 ^1 ^1 °2 




O-^a- 


I, T,, + S K D, I, 
5a 41 00 a 1 5a 




+ 


R D, I, K 
oo 1 5a a 





(5) Ri holds the raultiplier-bit which is used to activate or inhibit the "Adder". 

If the multiplier bit is a one (l) we will add the mantissa (Bits 2 >32) 

of the B-register to the mantissa (Bits 2 ?-32) of the A-register. If the multiplier 

bit is a zero (O) the "adder" is inhibited and we effectively add zeros to the A-register, 



1 41 . R^ M^, 4 T^^ 



fj 



, = D. DJ D' D. I, 
ad 6 4 5 1 5a 



i{. 



41 = R^ Msd ^ ni 



Causing a one(l) bit right shift each word-tirae^so the next miiltiplier bit can be 
placed in R, at T., if it is a binary one (l). 



8. 



l''l - ^m ^41 ^5 ^z ^2 
The "adder" is inhibited each word-time of this pheise during bits 35 — »-41. 
This will allow us to maintain the correct exponent that was determined during the 

DIHECTION MODE. 



D. flip-flop is "set" dixring the exponent bit-times bys 



The action of D. will cause primary gates 

MSL and MSD to go "False" . 

and the A-register will copy the exponent bits from the B-register every word time of 

the multiplication sequence. 

1^40 - B,, F D, Dt D' I' 
41 ra 4 1 o 2 

0^40 - B« P D. D, D' 
^ 41 m 4 1 



The A-register receives the "partial product" (sum of the A and 3 registers) 



from the S-flip-flop. 



1 39 - S MSii T| 
0^9 » S« 1SRT| 



/ 



MS.i = DJ D' D, I, I« 
4 3 1 3a 2 

(Note the presence of D') 



The A,Q copy of the S flip-flop causes the partial product to SHIFT RIGHT ONE (l) BIT. 



Note: - Unlike the liJULTIPLY v/63 command, FLOATIKG MULTIPLY will not place 
the least significant half of the product in the R-register. The 
completeytinincatedy product will be in the A-register. 



The least significant bit of each partial product is lost each word-time. 



9. 



The termination of the Ii/TULTIPLY SEQUENCE is detected by tae readout of the 



CHARACTER COUNTER and the K flip-flop. 

At this point we will either terminate the command IP the PRODUCT IS NORliiALIZED, 
or we will NORMALIZE the PRODUCT and terminate when the Normalize process is complete. 

The CHARACTER COUNTER counts up via: - 

1^41 - G, K; T' + G' K I' D« 
1 g 41 1 g 1 

0^1 = G. K. T. , . G, K^ I. D; 

"^^ - "^0 ^i !h ''^ ^l * 'o ^i ^ ^6 h 
0^-T2,.G'K^I.D; 

The Cj^ flip-flop is used to check the moat significant bit of the product for 
normalization. 

Q 

1 « M, T,f= (Assume Normalized product) 

C 

1 1 " Fjjj D^ K^ T^^< ♦(Product is not normalized) 



^^^^^ ' ^"^^ " fn h °2 "^41 ^11 - ^1 h h ^5a 



O a - S D, I, K S = A' B' C 

00 1 3a a oo *l ^i ^4 

During the last word time of the multiply sequence the mantissa portion of 
A and 3 registers are added together. 

We know that A,^ copies "S" causing a one-bit-right shift of the product 
bits. 

If K^ (carry flip-flop) is "reset" by logic at T.g-time, and appears as 

K^ T,,, our M.S. 3. of the product would be a zero (O) reading out of "3" 

and into A^,^ at T,,. (This zero would go into A,- at T^ because of the 
one -bit right shift.) 



10. 



If the product IS NORMALIZED, termination will occur via: • 

i^c - G, K^ c. 13^ f; t^ 

c - P^ C^ I^ T'< (For Left-Hand commands) 

which will produce the termination primary signal 

^41 



If the product IS NCT NORMALIZED the Multiplication Sequence Phase is 
maintained for an additional word-time. 

The N^ flip-flop is "set" ^t T20 or T^ in preparation for normalization and 

P„ is "reset" 

m 



^""^ - ^m «1 Kg ^ I>i 

P 

m - N T,, 
z 41 



the OPERATION CODE is forced to FORTY-SIX {M6) for a LLS (#42) command. 



0^ = N^ T^^ 

D 
4 " N T„ 
z 41 

1^3 = N^ T,. 
z 41 

0^1 = N, T.^ 
z 41 

1 = N T,, 
z 41 



and primary gate MSL - D' D, I, C' comes true. 
4 3 ^a 4 



S is "reset" at T, each word-time byi - 

0^ = R K' I, H - A' R» C 

00 a 3a %o 11 ^4 

+ S K' I, S = A' B' K' 

00 a 3a %o_ n 1 a 

Where A ^ sync bit is always zero at T^ via: - 

0^41 - F' T, i; 
a 1 4 

and 3j^, sync bit, will always be primed at T^^. R^ multiplier bit may be zero or 

a one . j 

11. 



A zero is copied into the L.S.3 of the A-register via; - 
»A 



41 = F^ T^ J'^^ (Sync Bit) 

1*41 - S MSL T' D' <e 

1 o 



41 - S' MSL D» 




S will be zero at T^ and will copy 



A," from then on 



The S flip-flop copies A, : - 

1^ - R,_ K' I, 
10 a 3a 

S 







R K' I, 
00 a 5a 



\l copying 


S causes 


a one 


-bit left shift. 


R-^ remains ] 


priraed 


the 


entire word -time. 


0«1- 


h^ h °5 


T 
40 




(There is no 


logic 


to ' 


•set" 


R^ at this time) 



During the exponent bit-tines we change the OPERATION CODE 



K - 1? D^ D, D' 
_o 3a 5 4 3 



A = N^ T33 



1 4 - N^ T^^ 
0^5 - N^ T33 



Gate MSL goes False and primary gate M comes true. 



'0 SUBTRACT #72 



,K 



and "set" K -la=N T,^D« 

a » A, B' D' I, 
1 1 1 3a 



^ ^10 H ^3a 



S will copy the complement of A-j^ as long as K remains true, and then straight 
copy A, when K goes false. 



1 - R K I, 
00 a 3a 



- Ri„ K I, 
10 a 3a 



-> Complement Copy 



12. 



The Normalize process will never exceed one word-time. 



Note I - The H-register, which is really of no consequence to us at this 



time, will continue its one-bit right shift of the mantissa bits. 

Al - H„ MSD I' TJ, 
2 2 41 

0'4l - H' MSD i; T' 
2 2 41 



The corrected exponents is placed in the proper bits of the A-register by 
Ao - NH^ I^ S [mi^ =. I^^ D5 D^ D. P; 



0^40 - NH Q I^ S' 



The final termination occurs by 

l^c - D3 N^ T^ S 
where the output from S will go into A,„ at T.,. 



13. 



